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[EXTBACT  FHOH  THE  AKNUAL  BEPOBT  OF  THE  CHIEF  OF  EHOINEEBS 
TO  THE  SECBET&RT  OF  WAB.] 

OFIIOE  of  THX  OSOBF  of  EHaiHKBBa, 

Washingttm,  D.  0.,  Oatobw  21, 1876. 


DtPBOVBUBNT  OP  THE  OHIO,  KONOHOABXLA,  ^UID  WABASH  BITBBS. 

Officer  in  charge  M^,  W,  E.  Ikferrill,  Corps  of  BnglneerB,  having 
oodcr  his  immediate  orders  Lieut.  F.  A.  Maban,  Corps  of  Engineers. 

1.  ImMTOtemmt  of  the  Ohio  Biver. — The  oontnicts  ontstandlDg  at  the 
eod  of  uie  last  fiscal  year  weie  for  the  extensioa  of  the  Freoch  Island 
dike;  tfa«  oompletion  of  the  dike  at  Evansville;  tlie  completion  of  a 
dike  at  Henderson  Island,  and  the  conatraotion  of  a  dam  at  the  same 
plaee. 

The  Fren^  Island  dike  has  been  extended  1.618  feet,  making  a  total 
length  of  3,498  feet,  or  two-thirds  of  a  mile.  The  result  thns  far  has 
been  qaite  satisfactory. 

Very  litUe  was  done  at  the  Evansville  dike  beyond  repairing  damages 
and  stopping  a  threatened  sooar  below  the  shore-end.  The  flood  of 
Aagnst  so  reduced  the  woi^ing-season  that  do  work  conld  be  done  on 
the  proposed  extension  of  500  feet.  The  dike  has  done  excellent  ser- 
Tice,  and  it  is  believed  that  when  extended  as  proposed  the  Evansville 
bar  will  be  entirely  removed.     Its  present  length  is  1,525  feet 

The  dike  at  Henderson  Island  has  been  completed,  its  total  length 
beinff  1,900  feet.  It  has  had  an  excellent  effect  on  the  bar  on  which  it 
is  btult,  bnt  it  has  bnt  little  effect  on  the  bar  at  the  foot  of  the  island, 
and  it  will  probably  be  necessary  to  boild  another  dike  about  1,000  feet 
below  the  present  one  in  order  to  remove  this  obstmction, 

The  dam  behind  Henderson  Island  has  been  repaired  and  completed. 
ItB  length  is  620  feet,  and  its  width  50  feet.  It  has  folly  accomplished 
its  object  of  forcing  all  the  water,  at  stages  below  6  feet,  to  pass  along- 
side of  the  dike. 

TiiB  anag-boat  E.  A.  Woodruff  has  been  completed  and  put  in  com- 
mission. From  the  8th  to  30th  of  Jane,  she  had  removed  123  snags  and 
2  wrecks,  and  is  still  at  work  doing  good  service  to  Ohio  Biver  com- 
merce. 

The  Ctovemment  dredges  Ohio  and  Oswego  have  been  in  constant 
service,  except  during  the  months  of  ice  and  high  water.  Daring  the 
fiscal  year  they  have  dredged  the  following  from  the  channel : 

CbUc  yards. 

SMrMillBnn 19,201 

Brondl's  IsUnd 85,173 

Deadmau's  Wand 33,607 

WhtW»BM 8,329 

Hij-iBar 89,961 

DMdmtui'f  bland 16,330 

B«ccoon  Islaod 6,940 

Total „..  127,741 

iA.tH")t^rc 


134917 


The  average  cost  per  cubic  yard  daring  tbe  year  X87d  was  17  cents. 

Tlie  dredges  also  retsored  from  the  channel  11  wrecks  and  6  snags. 

Forty-three  snags  and  one  roch-heap  were  removed  by  special  con- 
tract daring  the  aatumn  of  1875,  before  the  snag-boat  was  completed. 

Daring  the  fiscal  year  two  contracts  wore  made  for  tbe  removal  of 
wrecks  in  the  Lower  Ohio.  One  contractor  failed  to  procure  bondsmen, 
and  did  no  work.  The  other,  at  the  close  of  the  fiscal  year,  had  removea 
3  wrecks,  and  since  Jane  30,  he  has  completed  his  contract. 

Ko  work  was  done  ou  the  first  movable  dam  on  the  Ohio,  (for  which 
$100,000  was  allotted,)  because  the  legislature  of  Pennsylvania  failed 
to  pasa  an  act  giving  cession  of  jurisdiction  and  power  to  condemn  the 
necessary  land.  The  report  contains  an  account  of  tbe  steps  taken  to 
secure  the  required  legislation. 

For  the  report  of  the  board  of  engineer  ofBcera  convened  to  examine 
and  report  upon  and  which  adopted  tbe  plan  and  locatioa  of  this  dam, 
as  proposed  by  Major  Merrill,  see  Appendix  B  2. 

During  the  early  part  of  1876  Lieutenant  Mahan,  whilst  on  leave  of  ab- 
sence, made  a  special  examination  of  the  varioag  movable  dams  now  in 
operation  in  France.  In  consequence  of  the  information  he  obtained, 
(see  Appendix  B  1,)  and  of  information  &om  other  sources,  it  is  now 
proposed  by  tbe  officer  in  charge  to  replace  the  maneuveriug-boat  b^  a 
service  bridge,  and  to  crown  the  high  wier  with  a  Foir^e  dam,  using 
eitberneedles  or  the  gates  invented  byM.BouI6,as  may  be  subsequently 
determined.  A  new  estimate  for  this  dam  is  therefore  submitted  by 
M^jOT  Merrill.  Its  total  cost,  including  tbe  dam  behind  Davis  Island, 
ie  pat  at  $465,000,  of  which  899,845  is  now  on  hand. 

The  removal  of  the  dam  at  Gamberland  Island  is  strongly  recom- 
mended by  the  officer  in  charge,  on  the  ground  that  it  is  a  serious  iujary 
to  tbe  navigation  of  the  Ohio,  and  that  the  reasons  that  originally 
cansed  its  construction  no  longer  exist. 

The  officer  in  charge  submits  the  following  estimate  for  the  fiscal  year 
1877-78: 


ForsBSj^boat,  dredges,  and  office 9100,000  00 

For  riprap,  dams,  and  dikes 185,000  00 

ForcompletionofffiOTable  dam  at  Davis  Island 365,000  00 

Total  amoant  reqaired 650,000  00 

A  translation  from  the  Annates  des  ponts  et  chaustiea,  containing  a 
full  account  of  the  modification  in  tbe  needle-dams  invented  by  M. 
SonI4,  accompanies  this  report  as  Appendix  B  3. 

Amoniit  avHilable  Jal^  1,  1S75 (374,611  40 

Amount  expandud  dnrinf;  fiscal  year  ending  June  30,  1876.. . . - .  157,590  45 

Am onnt  available  July  1, 197B,  inolnding  P,68S.16  due  on  ooiitrBcts,&o...  117,030  95 

Amonot  appMpriated  by  act  approred  AngQSt  14, 1W6 175,000  00 

Amount  tbatoanbeprofltably  expendediDfiscal  yearendiDfC  Jane  30,1876.  650,000  00 

(See  Appendix  B  1.) 

2.  Improvement  of  the  Monongakela  River. — The  work  on  this  river 
consists  in  completing  lock  and  dam  So,  9  at  Hoard's  Bocks,  West  Vir- 
ginia, niuety-four  miles  above  Pittsburgh]  and  eight  and  a  half  miles 
below  Mor^ntowu, 

The  lock  has  been  finished  except  the  miter  and  lift  walls,  which  were 
not  embraced  in  the  contract.  For  reasons  set  forth  at  length  in  tbe 
report  of  the  officer  in  charge,  an  additional  appropriation  of  $20,000 
will  be  required  to  complete  this  lock  and  dam. 


.vCoogIc 


EiHmate  for  At  fiteal  ytar  1377-78. 

For  eomplution  of  lock  and  dam  at  Ho*rd's  Rocks ^,000  00 

For  lock  at  Laurel  £uQ,  (omitting  miter-wallB,  gates,  and  Tolree) 60,000  00 

Total  amount  required 60,000  00 

Amonnt  available  Jnly  1,1875 101,386  09 

Amount  expended  dnring  fiscal  jear  endioff  Jane  30, 1876 63,471  46 

Affionot  available  Jnl;  1, 1676,  inclndiog  $2,601.16  dne  on  oontracts,  &c . ..  37, 614  61 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1878.    80, 000  00 

(See  Appendix  B  4.) 

3.  Improvement  of  the  Wabash  River. — The  oatstanditig  contracts  at 
the  be^aoing  of  the  fiscal  year  were  for  clearing  out  the  Little  Gutoff, 
for  closing  the  Kew  Harmony  Cut.off  by  a  dam,  and  for  excavating  a 
chanoel  at  Warwick's  Bipple. 

The  contract  at  Little  Chain  was  completed. 

At  Xew  Harmony  the  dam  was  only  partly  bnilt  when  the  season 
closed.  Some  damage  was  done  to  it  dnring  the  winter,  bat  this  has 
been  repaired,  and  the  dam  will  probably  be  ftnisbed  by  the  end  of  the 
year." 

At  Warwick's  Bipple  do  work  of  excavatioQ  was  done  during  the  last 
season,  as  the  contractor  failed  to  get  hia  coffer-dam  dry.  He  is  again 
at  work,  bnt  thns  for  has  done  bat  little.  The  prospect  of  finishing  the 
work  by  the  dose  of  the  present  season  is  unfavorable. 

E^itnaU  far  fiaoal  year  1677-78. 

For  rebaildinf;  Grand  Bapids  look 8130,000  00 

FarengineeriD);  and  contingendee , 15,000  00 

Total  amount  required 145,000  00 

Amoant  available  Jnly  1,  1875 49,917  03 

Amo out  expended  daring  fisoal  vearending  Juoe  30,  187S 15,603  15 

Amount  avaiUble  Jaty  1,  1876,  inclnding  8^1.88  due  on  cootraets 34, 114  88 

Amonjit  appropriated  liy  act  approved  August  14,  1876 70,000  00 

Amount  tbatcan  be  profitably  expended  Inflscal  yenrendingJaueSO,  1878.  145,000  00 

(See  appendix  R  5.) 

EXAMINATIONS  AND  SUETEYS  FOE  IMPEOTEMBNT. 

To  comply  with  provisions  of  the  act  of  Slarch  3,  1875,  M;yor  Merrill 
was  charged  with  the  completion  of  the  surveys  began  under  the  act  of 
Jane  23, 1874,  for  the  ext«UHion  of  the  Chesapeake  and  Ohio  Canal  from 
Cumberland,  Maryland,  to  the  headwaters  of  the  Youghiogheny  Biver.  The 
final  report  was  transmitted  to  Congress  at  its  last  session,  and  printed 
ia  H.  E.  Ex.  Doc.  No.  137.     (See  Appendix  R  6.} 

Also  with  the  survei/  of  MonongaJiela  River  from  Morgantoicn  to  Fair- 
port,  West  Virginia,  and  an  examination  of  the  Louisa  Fork  of  Sandy 
River  from  ths  mouth  of  Dismal,  in  Buchanan  County,  Virginia,  to  Pike- 
ton,  Kentucky,  the  results  of  which  were  transmitted  to  Congress  in  re- 
ports printed  in  H.  K.  £x.  Doc.  No.  91.    (See  Appendixes  E  7  and  K  8.) 

Aad  also  with  an  examination  of  Allegheny  Rirer  helow  Freeport,  Penn- 
lylrania,  and  the  survey  of  A  llegheny  Rirer  near  Pittsburgh.  (See  Aj)pen- 
dix  B  9.) 
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ANNUAL  EEPOBT  OP  MAJOK  WM.  E.  MBBBILL,  CORPS  OP  EK- 
OESBBBS,  FOB  THE  FIBOAL  YBAB  BNDDtO  JmiB  30, 1876. 

Unxtbd  Statbs  Bkoinbxb  Opficb, 

OktHnmti,  OMo,  Beptmber  26, 187S. 
GEaBBiX :  I  have  the  honor  to  transmit  herewith  aonoal  re^Htrts  on 
the  vorke  under  my  charge  for  the  fiscal  year  ending  Jane  30, 1876. 
Very  respectfully,  yonr  obedient  servant, 

Wm.  E.  MEBSIUi, 

Mt^  of  Sngineert. 
Bri  J.  Gen.  A.  A.  HxmpHHBTS, 

CU^  <if  Engi-Mera,  U.  8.  A. 


IMPBOVBSIEHT  OF  THE  OHIO  RIVEE. 

At  the  beginning  of  the  fiscid  year  the  following  contracts  were  ont- 
Htandlng: 


1 

lis 

Work. 

ContTKltOT. 

T80 

Wri       rinnnfW.      hTI       flTWVa 

PBRVGH  IBLAim  SIKK,   760  MILES  BBLOW  FITTSBUBOH. 

In  my  last  annoal  report  I  stated  that  it  bad  been  fonnd  necessary  to 
extend  thia  dike  to  a  moob  greater  length  than  had  been  originally  con- 
templated, and  that  I  considered  this  work  aa  an  experiment  of  great 
valne  in  determining  how  far  the  Ohio  might  be  radically  improved  by 
guiding  its  corrents.    I  accordingly  contracted  for  as  additional  length  ^ 


8 

of  1,618  feet  to  this  dike,  making  its  total  length  3,498  feet  To  make 
this  extension,  Inclnding  some  minor  repairs  on  the  old  part  of  the  dike, 
reqaired  an  expenditnre  of  606  piles,  8,214  cords  of  brash,  and  6,668 
cabic  yards  of  stone. 

Aa  thia  -work  was  done  dnring  the  season  of  low  water  it  was  followed 
by  an  immediate  improvement  in  the  channel-depth,  this  being  ao  mnoh 
increaaed  that  the  bar  ceased  to  bean  obstractioD.  Whether  this  good 
resnlt  will  be  permanent  t  am  unable  to  predict,  aa  the  river  has  been 
at  a  good  boating-atage  ever  since  the  low  water  of  last  fall,  daring 
which  the  work  was  done.  The  only  anre  teat  ia  to  ascertain  the  depth 
on  the  bar  daring  the  low  water  of  the  present  season.  Cp  to  the 
present  time  the  river  haa  continued  high. 

ETAKSTILLE  DIKE,   7S3  UTLEg  BELOW  FITISBlJBaH. 

On  acconnt  of  high  water  during  last  season^  a  f^reat  flood  having 
Quexpectedly  occurred  ia  August,  work  on  this  dike  was  limited  to 
keeping  it  up  to  grade,  and  to  protecting  the  shore-end,  below  which  ap- 
peared a  dangeroaa  scour.  In  thia  work  there  were  expeuded  2,446 
cubic  yards  of  stone.  The  following  is  the  report  of  Mr.  Charles  B.  Bate- 
.  man,  the  local  engineer : 

Ve^  Uttle  worlc  wm  done  on  tlits  dike  last  season  on  «cooiiiit  of  rise  of  river.  Tbe 
total  ieagih  ia  lj&25  feet,  of  which  about  200  feet  at  the  ootei  end  is  34  feet  below  Krade. 
Therest  of  thedibels  np  tOKrade,  viz,  6feet  above  low  water,  and  in  good  conoitioD. 
A.  Ter;  seriouB  econr,  immediately  below  the  root  of  the  dike,  was  disoovered  in  the 
early  part  of  June  lost,  which  endaDgered  the  work.  A  large  amount  of  riprap  was  de- 
posited at  that  point,  which  appareotly  haa  had  the  desired  effect  of  arresting  the  soonr. 
.  The  effect  thus  far  of  this  work  bae  been  to  entirely  wash  away  the  sand  from  the 
bar  opposite  the  city  and  to  ftooor  a  channel  across  toe  bar  ^bich,  from  sonndiags 
taken  lately,  will  give  a  depth  of  from  1.5  to  2  feet  at  low  water.  Wnat  is  left  of  the 
bar  Is  soft,  impure  clay.  A  channel  yet  remains  to  the  left  of  the  bar  wbicb  somewhat 
neatralizM  the  effect  of  the  dike  on  the  bar  itself.  An  addition  of  500  feet  contem- 
plated this  season  to  the  length  of  the  dike  will  close  this  left-hand  channel,  and  throw 
the  whole  force  of  the  cairent  across  the  bar. 

The  extension  of  600  feet,  ordered  last  season,  will  be  made  during 
the  present  working  season. 

HEKDEBSOK  DIKE,  797  UILES  BELOW  PITTSBUBGH. 

This  dike  was  extended  400  feet  during  the  past  season,  making  its 
total  length  1,900  feet.  The  old  part  of  the  dike  was  brought  up  to 
grade,  (6  feet  above  low  water,)  and  the  damages  caused  by  the  ice  of 
January,  1875,  were  repaired.  The  work  was  finished  in  November, 
1875,  and  the  dike  is  considered  as  completed.  During  the  year  there 
were  expended  187  piles,  2,963  cords  of  brush,  and  3,200  cubic  yards  of 
stone.  The  dike  seems  to  answer  its  purpose,  aa  since  its  completion 
there  has  at  no  time  been  leas  than  4  feet  on  Henderson  Bar;  but  this 
resnlt,  like  that  at  French  Island,  cannot  be  depended  on  as  permanent 
until  it  has  been  tested  by  the  effect  during  thelow  water  of  the  present 
year.  The  latest  report  for  this  locality  indicates  a  lack  of  depth  on  the 
bar  at  the  foot  of  the  island.  This  bar  is  below  the  Henderson  Bar 
proper,  and  did  not  exist  when  the  Henderson  dike  was  originally  bnilt. 
Its  removal  will  probably  necessitate  the  constniction  of  another  dike, 
commencing  at  a  point  on  the  Indiana  shore,  about  4,000  feet  below  the 
present  dike.  This  is  probably  a  better  plan  than  any  further  extension 
of  the  existing  dike. 

la  my  annual  report  for  1874, 1  discussed  tbe  canses  that  bad  pro- 


daced  a  deposit  of  gravel  below  the  Henderson  dike  in  places  where 
there  had  been  deep  wa];er  for  some  months  after  the  dike  was  bailt. 
This  gravel  evidently  came  from  above,  and  must,  therefore,  have  found 
some  way  to  get  over  the  dike.  In  that  report  I  expressed  the  opinion 
that  the  phenomenon  in  qaestion  was  dne  either  to  the  formation  of  a 
ramp  on  the  np-stream  side  of  the  dike  in  high  water,  ap  which  gravel 
conld  be  rolled  by  the  cnrrent,  or  to  transportation  while  frozen  in  and 
sosCaiDed  by  masses  of  ice.  ^Teither  of  these  explanations,  however, 
appeared  altogether  satisfactory,  and  accordingly  I  made  arrangements 
to  have  careful  soandings  taken  above  and  below  this  dike  in  both  high 
and  low  water.  They  were  made  by  Mr.  Bateman,  in  Sovember,  1874, 
and  in  July  and  Angnst,  187S.  Oarefal  platting  and  study  show  that 
daring  the  August  flood  the  bottom  of  the  river  was  deepened  both 
above  and  below  the  part  of  the  dike  nearest  the  bank.  The  maximum 
sconr  above  the  dike  was  8  feet,  and  below  it  19,  both  cases  being  near 
the  shore^nd.  This  sconring  action,  dimimshed  toward  the  middle  of 
the  river  and  beyond  900  feet  from  the  shore,  at  which  point  the  dike 
had  curved  considerably  down  stream ;  the  reverse  action  was  shown  by 
a  flU  whose  maximum  height  at  a  point  1,200  feet  from  the  shore  was  8 
feet.  From  these  facts  I  am  compelled  to  conclude  that  this  gravel  was 
carried  over  the  dike  in  Buspension, 

It  is  stated  that  on  the  Loire,  after  floods,  enormous  deposits  of  sand 
and  gravel  have  been  found  at  a  height  of  from  6  to  10  feet  above  low- 
water  line.  As  this  gravel  in  manyiustances  could  not  have  been  rolled 
to  this  height,  it  must  have  been  carried  there  in  suspension.  A  distin- 
guished French  engineer,  M.  Dnpuit,  gives  an  explanation  of  this 
apparent  anomaly,  which,  in  substance,  is  as  follows :  A  solid  substance 
rolling  along  the  bed  of  a  stream  tends  to  acquire  a  velocity  greater 
than  that  of  the  water,  but  it  finds  itself  resisted  by  the  liquid  threads 
that  surround  it,  and  especially  by  those  that  have  the  slowest  motion. 
It  is  therefore  drawn  toward  the  faster  threads,  which  are  those  above 
it.  If  this  tendency  to  rise  is  less  than  its  weight  in  water,  the  body 
will  descend  until  it  reaches  the  bottom  or  a  stratum  of  water  where  the 
two  forces  exactly  balance-  On  the  other  hand,  the  body  will  rise  if  the 
upward  pressure  be  greater  than  its  weight.  Lastly,  if  we  suppose  sev- 
eral similar  bodies  in  suspension,  their  proximity  to  each  other  will  tend 
to  equalize  the  velocities  of  the  threads  that  surround  them,  and  there- 
fijre  there  will  be  less  difference  of  velocity  between  the  threads  of 
water,  and  hence  the  bodies  will  remain  suspended  in  a  lower  stratum 
than  if  they  were  isolated. 

Running  water  can  therefore  bold  in  suspension  bodies  denser  than 
itself.  This  power  depends  upon  the  differences  iu  the  velocities  of  the 
different  strata  of  water;  but  the  suspending  power  of  any  stratum  is 
Umited ;  that  is,  a  cubic  foot  of  water  cannot  hold  in  suspension  more 
than  a  given  quantity  of  material.  Each  stratnm  has,  therefore,  a 
difl'erent  degree  of  saturation. 

The  observations  at  Henderson  dike  showe^  that  the  high-water  cur- 
rent swept  on  a  straight  course,  regardless  of  the  dike,  leaving  a  deposit 
in  the  low-water  channel  for  whose  improvement  the  dike  was  built.  It 
is  evident  that  the  action  of  the  dike,  as  long  as  it  stands  firm,  will  cut 
a  channel  through  this  deposit  whenever  the  river  falls  low  enough  to 
bring  it  into  play.  This  annual  necessity  for  forcing  a  channel  through 
high-water  deposits  seems  unavoidable.  The  same  state  of  affairs  is 
found  at  the  head  of  Cumberland  Island,  at  which  well-known  locality 
it  takes  two  or  three  weeks  after  a  rise  for  the  current  to  make  the  new 
channel,  and  dnriig  this  time  navigation  suffers  from  shoal  water. 


HBnDGSSON  DAM,  7d7  XOJKB  BELOW  FITTSEUEGH. 

This  dam,  whose  object  is  to  keep  the  water  on  the  side  of  the  island 
where  the  dike  has  Wen  boilt,  is  fluiebed.  The  damages  caased  b;  ioe 
were  thoiongbly  repaired  and  all  weak  points  were  strengthened.  In 
this  work  were  expended  84  piles,  1,608  cords  of  brash,  and  1,017  onbie 
yards  of  atone. 

The  dam  is  620  feet  long  and  50  feet  wide  at  the  middle,  diminishing 
to  40  feet  at  the  ends,  la  tbe  middle  it  rises  to  7  feet  abore  low  water, 
and  at  each  end  to  9  feet  Thus  £u  it  has  fully  accomplished  tbe  object 
of  ita  constroction. 

num-HCIi  8NA«-B0AT. 

This  boat  baa  been  completed  and  is  now  actively  at  work.  The 
reoOTd  of  her  operations  will  be  found  farther  on.  Tbe  cost  of  ber 
machinery,  incloding  all  extras,  was  $28,813^,  and  the  work  was  weU 
done.    Her  cabin  and  joiner-work  cost  {8,000. 

TXSW  COHTEAOTB. 

On  the  12th  of  July,  I  opened  bids  for  the  removal  of  11  wrecks  &-om 
the  Ohio,  between  Louisville  and  Cairo.  The  work  was  divided  into  two 
sections,  the  division  being  made  at  Slim  Island,  9  wrecks  being  above 
this  point  and  8  below. 

Tbe  following  is  an  abstract  of  the  proposals  received  toe  this  work : 
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The  contracts  were  awarded  to  0.  M.  Gole  and  M.  S.  Lord,  the  lowest 
bidders,  for  the  two  sections  respectively,  B.  W.  Dngan  having  retired 
in  favor  of  C.  M.  Cole. 

EBMOVIKG  OBSTETJCTIONS. 

At  the  close  of  the  fiscal  year  Mr.  Oole,  the  contractor  for  the  apper 
sestioQ,  bad  done  the  following  work : 


This  contract  has  since  been  completed. 

The  contractor  for  the  lower  section,  Mr.  M.  S.  Lord,  failed  to  furnish 
the  necessary  bonds,  and  hence  his  contract  was  declared  forfeited.  He 
did  no  work  under  it.  This  contract  was  not  relet,  as  Mr.  Lord's  failure 
occurred  quite  late  in  tbe  working  season  |  and,  besides,  it  was  thought 
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that  the  new  soag-bost  ooald  remore  these  obBtrnctioDS,  raDderiDg  » 
omtntct  BimeceBaary. 

Daring  tbe  fiscal  year  tbe  foUoving  snags  were  removed  b;  speeial 
oootraotB: 

Btnmp  at  WhlttoD'B  Tow-hud. 

Tree  «t  ThrM  Brothets  ItUad. 

Two  aDagi  at  month  of  the  Maskinjtiini. 

Fourteen  biu^  between  Marietta  and  Cinoinn^ti. 

Twenty-five  BO&ga  betweeu  New  Albany  and  Ev«Qavill6, 
One  Tack-heap  near  Abbot's  Landing. 


The  dredge-boats  Obio  and  Oswego  are  under  orders  to  remore  ob- 

stmotions  whenever  they  enoonnter  them,  as  they  move  from  point  ta 
point.  In  aooordauoe  with  these  orders  they  removed  the  following 
obstnictionB  daring  the  past  fiscal  year : 


Baocooa  Bar — One  ■toDe-boat  and  one  anag- 

Phillis  Island — One  ooal-barge. 

Stanbeuville  Bridge— One  oml-barse  and  ooe  hriok-boat. 

nahing  Cieek — One  ooal-barge  ana  two  nan. 

Parkerebnrgb— Part  of  wreck  of  steamer  Bebeoca. 

SKAO-BOAT  B.  a,  WOODEUFP. 

This  boat  was  floisfaed  in  January,  bnt  as  snagging  can  only  be  done 
advantageously  in  low  water,  she  did  not  go  into  commissioo  until  Jane. 
On  the  8th  of  Jane  she  left  Ginoinnati  for  Pittsbargh,  and  at  the  close 
of  tbe  fiseal  year  (Jnne  30}  she  hod  removed  and  destroyed  123  snagS' 
and  2  wrecba.  One  of  the  snags,  thrown  out  by  the  Big  Sandy,  weighed 
68  tons,  and  could  hardly  have  been  handled  by  anything  less  powerfnl 
than  such  a  boat  as  the  WoodrnfT, 

Ab  this  boat  is  on  her  first  trip,  a  desorlption  of  her  may  be  interest- 
ing. Sbe  has  a  wide,  flat-bottomed  bull,  with  broad  stem  and  double- 
bow,  being  bifurcated  for  about  two-flftbs  of  her  length.  Her  hull  may 
be  aptly  described  as  being  shaped  like  a  boot-jack.  Thirteen  feet  aft 
of  her  stems  a  solid-bnilt  beam  8J  feet  wide,  with  an  average  thickness 
of  18  inches,  connects  the  two  bowsjost  above  the  water- sorfiice.  This 
is  called  the  "  bnttiDg-beam,"  because  snags  that  are  much  imbedded 
we  loosened  by  mnning  the  boat  against  them,  catching  the  snags  on 
this  beam. 

Tbe  principal  dimensions  of  the  boat  are- 
Extreme  length,  177  feet 

Extreme  wifth,  73  feet. 

Length  of  hnll,  17&  feet. 

Widthofhn}I,4clftat. 

Foot  boilera,  each  94  feet  by  40  inches. 

Main  engines,  30  locbee  b;  6  feet. 

Hoisting  enginee,  9^  inchee  by  14  Inohee. 

Sbe  is  also  fitted  with  two  steam-aawB,  one  steam-anger,  two  steam- 
capstans,  doctor,  donkey-boiler,  and  a  full  supply  of  pumps.  Her  main 
hoistiiig-chainisof  Ig-inch  ohiomesteel,  and  is  warranted  to  lift  72  tons. 

Tbe  boat  is  a  success  in  every  respect,  except  in  draught.  No  pains 
were  spared  to  get  this  as  small  as  possible,  bnt  notwitbstuiding 
all  onr  care,  the  boat,  though  still  the  lightest  double-bow  snag-boat 
yet  built,  draws  more  Ihan  is  desirable  for  service  os  tbe  Ohio.    She  J»- 
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now,  when  in  complete  order  for  work,  down  11  inches  by  the  stern, 
owing  to  tbe  fact  that  the  fnmace  and  its  fittiogs,  which  are  near  the 
stem,  considerably  ovemin  their  estimated  weights.  When  the  boat  is 
laid  np  for  tbe  winter,  I  expect  to  have  her  boilers  moved  forward  suf- 
ficiently to  get  her  on  an  even  heel.  Her  dranght,  with  boilers  pamped 
up  and  800  bashels  of  coal,  will  then  be  34  inches.  To  lighten  her  to  30 
inches,  which  is  the  draught  that  wonld  best  snit  her  work,  would  re- 
quire a  lengtbening  of  about  31  feet,  which  would  be  both  quite  expen- 
sive, and  would  weaken  the  boat  loDgitudinally.  I  believe  that  if  the 
times  for  working  in  the  upper  river,  where  there  is  the  greatest  scarcity 
of  water,  are  judicionsly  chosen,  the  boat  will  l>e  able  to  do  her  fall 
work  without  any  hiDuerance.  The  only  drawback  is  that  the  bars 
above  Wheeling  are  of  coarse  gravel  and  bowlders,  and  are  liable  to 
irijure  boate  that  strike  them.  To  compeusate  for  this,  this  part  of  the 
river  is  almost  entirely  clear  of  snags,  and  but  little  time  need  be  spent 
in  it. 

The  snag-boat  is  now  more  actively  engaged  in  clearing  out  obstruc- 
tions, and  is  doing  excellent  service.  The  record  of  -this  work,  how- 
ever, belongs  to  the  report  for  the  ensuing  fiscal  year. 

DBEDOETG. 

The  United  States  dredges  Ohio  and  Oswego,  in  charge  of  Mr.  E.  J. 
Carpenter,  assistont  engineer,  were  contiuaously  at  work  during  the 
working  season.  The  record  for  the  fiscal  year  1875-'76  shows  a  total 
excavation  of  127,741  cubic  yards,  besides  the  removal  of  wrecks  and 
snagB,  as  reported  above.  The  dredging  was  all  done  in  the  vicinity  of 
Fittfibnrgh.    In  detail  it  is  as  follows : 

Sawmill  Run,  Pittsburgh  Rarbor. — At  tbe  mouth  of  this  run  there 
was  a  heavy  deposit  extending  into  tbe  channel,  a  large  portion  of  which 
was  due  to  the  violent  storm  of  July  2C,  1874.  The  amonnt  of  excava- 
tion here  was  19,201  cubic  yards. 

Brunofs  Island,  Pittsburgh  Harbor. — Owing  to  low  water  the  dredges 
could  not  descend  the  river  after  finishing  at  Sawmill  Bun.  They  were 
accordingly  put  to  work  at  widening  the  entrance  into  the  Glass-house 
Channel.  This  work  was  advantageous,  though  not  strictly  necessary. 
They  removed  25,173  cubic  yards. 

jfeadmati's  Island,  14  miUa  beUnc  Pittsburgh. — The  work  at  this  point 
consisted  in  tbe  removal  of  a  large  isolated  gravel  bar,  abreast  of  the 
bead  of  the  island,  that  interfered  with  the  movements  of  coal-fleets. 
As  mncb  of  the  lump  as  was  in  the  way  of  navigation  was  removed, 
the  amonnt  excavated  being  22,807  cubic  yards.  The  channel  was 
widened  120  feet 

While's  and  Hays's  Bar,  11  miles  below  Pittsburgh. — This  is  one  of  the 
worst  places  on  the  river.  The  work  consisted  in  removing  a  lump  in 
White's  that  lay  next  to  the  dike  and  Just  below  tbe  gap,  (having,  doubt- 
less, been  formed  by  material  that  had  washed  through  the  opening,) 
and  in  cutting  off  a  portion  of  Hays's  Bar  that  caused  an  objectionable 
cross-current.  At  Whito's  the  excavation  amounted  to  8,320  cabic 
yards,  and  at  Hays's  to  29,961  cubic  yards.  Nearly  half  of  the  latter 
excavation  was  done  in  May,  when  work  was  resumed  for  the  present 
season.  The  removal  of  the  little  bar  at  White's  added  about  60  feet  to 
the  cbannel-widtb.  The  gap  in  the  dike  was  cleared  out  and  widened 
in  order  to  give  convenient  access  to  the  town  of  Middletowu,  on  the 
left  bank.  This  work  occupied  one  of  the  dredges  for  4  daya  Tbe 
work  at  Hays's  was  very  severe  on  acconot  of  the  hardness  of  the  mate- 


13 

rial.  Since  the  close  of  the  fiscal  year  it  has  been  necessary  to  Bend  the 
dredges  back  to  Hays's  Bar  to  level  down  some  ridges  which  the  current 
failed  to  flatten,  as  was  expected. 

Beadman'a  Island,  14  miles  belotc  Pittsburgh. — ^Work  was  rfisnmed  at 
this  place  in  the  spring,  in  order  to  cut  ofl'  the  point  of  the  creek-bar 
which  had  recently  obtruded  into  the  channel,  already  objectionably 
crooked  and  narrow;  16,330  cubic  yards  of  material  were  removed. 
This  is  the  third  time  that  I  have  had  this  creek-bar  removed,  while  it 
has  as  often  re-appeared  under  the  infinence  of  heavy  rains.  The  origi- 
nal outlet  of  the  creek  was  a  mile  and  a  half  above,  but  about  9  years 
ago  the  neighboring  farmera  cut  through  the  narrow  bank  between  the 
aeek  and  the  river,  giving  the  former  a  new  outlet  in  a  very  objection- 
able locality.    Since  that  time  it  has  given  ns  constant  trouble. 

Since  the  close  of  the  fiscal  year  a  low  brush  and  stone  dam  has  been 
bnilt  a(ut>s8  the  mouth  of  this  creek,  which  will  cause  it  to  deposit  its 
gravel  fmd  sediment  in  the  eddy  below  the  bar,  and  will  therefore  in  all 
probability  end  the  trouble  at  this  place. 

Bacooon  Island,  273  miles  belmc  Pittsburgh. — ^At  the  end  of  June  the 
dredges  were  at  work  at  Baccoon  Island,  remoying  bars  and  straighten- 
ing ^e  channel.  Up  to  the  close  of  the  fiscal  year  they  had  removed 
6,910  cubic  yards  from  this  place. 

TABULATED  STATEMENT. 

The  following  tabulated  statement  shows  the  work  cf  the  dredges 
and  the  expenditure  on  them  for  the  calendar  year  1875.  It  is  beUeved 
that  this  statement  is  in  better  shape  than  that  for  1871,  which  was 
given  in  my  last  annual  report.  It  was  considered  unnecessary  and 
deceptive  to  attempt  to  separate  the  work  of  the  two  dredges,  as  they 
always  work  together,  and  therefore  they  are  treated  as  ooe  in  the 
tables. 
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SPECIAL  BUBTETS. 

DiiriBg  the  jeai  the  following  speoial  snrreyB  hare  be^i  made : 

Sites  for  9  locb  and  dama  betneea  Pittsborcli  Mid  Wheeling,  ia  order  to  obtain  bet- 
ter locatioQB  than  those  Releoted  daring  the  preceding  year.  A  oheck-Uue  of  levels 
vu  aiao  mn  from  Ptttabursli  to  Bellsiie. 

Dan)  behind  Wheeling  kuud. 

High-water  obserrationB  at  Cinclanatl  to  detcttnina  the  coiii«eB  traveled  b;  coal- 
tows  m  pauiDg  ute  of  Ciaoinnati  SoQtbem  Bailioad  bridge. 

PeniDsnla  opposite  Evansville,  to  determine  tbe  danger  of  the  rivei'  catting  tliroDgb. 

Observations  on  bed  of  river  at  Hendersou  Dike  In  high  and  low  water. 

OFFtCR'VOKK. 

This  has  iocladed  work  on  a  oontinoons  map  of  the  Ohio  Kim*,  on  the 
Kale  of  2  inches  to  the  mile,  the  preparation  of  a  general  plan  of  the 
proposed  look  at  Davis  Island,  drawings  and  tracings  of  special  sarveys, 
platting  water-gauge  records,  completion  of  detail^  drawings  and  trac- 
ings of  machinery  of  snag-boat,  and  drawings  of  an  iron  crane  for  the 
dredge  Oswego. 

MOTiBLB  DAM  AT  DATT8  KLAND. 

The  appropriation  bill  for  the  jear  18T5--'7C  contained  the  following 
item: 

For  tbe  improveroent  of  the  Ohio  River,  (300,000 ;  that  |100,000  of  this  amonnt  shall 
be  used  for  and  applied  toward  the  ooosCructiou  of  a  movable  dam,  or  a  dam  with  ad- 
justable gates,  for  the  pnrpoae  of  testing  substantially  the  best  method  of  improving 
pennaneotlf  Uie  navigation  of  the  Ohio  River  and  it<  tribataries ;  the  location  of  the 
work,  nitb  the  plan  of  oonetraotioa  and  the  application  of  the  amoant  hereby  appro- 
priated, to  be  Habmitted  to  the  Secretary  of  War  for  his  approval 

In  my  lost  annnal  report  I  gave  a  brief  history  of  my  efforts  to  pro- 
core  f^m  the  State  of  Pennsylvania  tbe  legislation  necessary  to  enable 
me  to  commence  the  constraotioQ  of  the  movable  dam  auUiorized  by 
Congress.  In  accordance  with  tbe  instmctiona  of  the  Ohief  of  Engi- 
neers, I  now  give  this  history  in  detail. 

The  necessity  for  having  reconrse  to  a  State  legislatnre  for  additional 
legislation  before  commencing  a  Government  structare  comes  from  sec- 
tion 355  of  the  Bevised  Statutes,  which  reads  as  follows : 

No  pnblio  money  shall  be  expended  npon  any  site  or  land  porobased  by  the  United 
States  for  the  porposeeof  erecting  thereon  any  armory,  arsenal,  IbrC,fbTti&cation,  navy- 
yard,  costom-hooBe,  light-hooBe,  or  other  pnbllo  bailding  of  any  kind  whatever,  nntil 
tbe  wiittea  opiaioa  of  the  Attomey-OeDeral  shall  be  had  in  favor  of  the  validity  of  the 
title,  nor  until  the  oonaent  of  the  TegislatDre  of  tiie  State  la  which  the  land  or  site  may 
be  to  Bach  porohaae  has  been  given,        •        •        > 

Anticipating  the  improvement  of  tbe  Ohio  by  permanent  strnotnres ' 
of  some  kind,  and  being  desirous  to  have  all  legal  obstacles  ont  of  the 
way  before  work  shonld  begin,  I  consulted  with  Oeneral  Moorhead,  of 
I^ttsborgh,  chairman  of  the  board  of  Ohio  Biver  commissioners,  and 
between  ns  a  bill  was  prepared  for  cession  of  jnrisdiotioa  by  the  State 
of  Pennsylvania,  which  bill  passed  both  houses  of  the  Pennsylvania 
legislature,  but  was  vetoed  by  the  governor.  The  following  is  the  text 
of  the  bill  and  of  the  veto : 

AS  ACT  to  mnt  tlie  ooDSOUt  of  the  Stale  of  PennsvWftnfs  to  tbe  aoqnUltlDQ  by  the  Coltsd  State*  of 
eratalii  land*  within  tha  StUe,  ud  borderlsg  on  iha  Ohio  Blver,  for  th«  poipoMt  of  creating  tbarean 
Isau,  Bbalmeiita,  kMki,  loek-hmHa,  olBos,  ud  other  nconury  ■trnctnna  fiiT  the  oanitniotion  aaii 
■■iBteaaiiM  of  tUck-ntei  BKTlsMloii  on  the  Mid  livsr,  ud  cedlDg  Juiisdlotiui  over  the  Hme. 
SBCnoiT  1.  Bt  it  tnaeted  iy  the  tataU  and  Aoum  of  rnrntoiitativet  of  Die  Commonaealtk 

«f  Feiattyl'Baaia  la  general  lUMmMji  met,  and  it  -it  htr^g  snooted  fry  tkt  aHtfcorlljr  ^  tA« 
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mine,  That  wbenever  the  United  Statea  eball  begin  tlio  radical  improvemeDt  of  Ibe 
Obio  Eiver  by  means  of  locks  and  movable  dama,  the  oontent  of  tfie  State  of  Penn- 
sylvania, tbroagb  the  governor  thereof,  is  hereby  KJveu  to  the  acqaisitioa  by  the 
United  States,  by  purchase  or  by  condemnation,  in  the  same  manner  as  land  is  noir 
taken  for  pnblio  porpoaes  nnder  anv  general  or  special  statute  for  railroad  or  other 
purposes,  (and  shonld  the  property  which  the  Government  desire  to  aoqnire  have  been 
dedicated  to  a  religions  or  cnaritable  use,  the  proceeds  of  Hnch  property  shall  be 
invested  and  used  to  and  for  the  same  nse  and  purpose  to  which  the  property  taken 
was  originally  dedicated  or  conveyed,^  of  sach  pieces  of  land,  not  to  exceed  two  acres 
in  any  one  piece,  borderinK  on  tbe  Ohio  River,  as  may  be  necessary  for  the  pnrpose  of 
erecting  thereon  dams,  abutments,  locks,  lock-honses,  offices,  and  other  necessary 
atmctnres  for  tbe  oonstmction  and  maintenance  of  slack-water  navigation  on  said 
river,  and  tbe  said  United  Statea  shall  have,  bold,  nse,  occupy,  and  own  the  said  land 
or  lands  when  pnrchased,  and  exercise  Jurisdiction  and  control  over  the  same  and 
every  part  thereof,  subject  to  the  reatriotiona  hereinafter  mentioned. 

Sec.  2.  In  case  the  United  States  aball  decide  to  reaort  to  condemnation  in 
acquiring  land  for  tbe  purposes  speciSed  in  the  first  section  of  this  act,  the  aaid  United 
Statea  aball  in  all  reapects  be  governed  by  the  laws  regulating  the  appropriation  of 

frivat«  property  for  public  nse,  and  aaJd  laws  are  hereby  made  applicable:  Provided, 
bat  the  United  States  may  pay  the  coats   and  refuse  to  take  the   land,  if  in  their 
Judgment  the  compensation  ease^ed  therefor  is  ezcesaive. 

Sec.  3.  The  jurisdiction  of  the  State  of  Pennsylvania  in  and  over  the  said  land 
or  ianda,  when  purchs«ed  by  tbe  United  Statea,  shall  be,  and  tbe  same  ia,  hereby  ceded 
to  tbe  United  States,  but  the  juriadiotion  hereby  ceded  ahall  continne  no  longer  thou 
the  said  United  States  shall  own  the  said  land  or  lands. 

Sec.  4.  The  said  consent  is  given,  and  the  said  jnrisdiotion  ceded,  upon  the 
express  condition  that  tbe  State  of  Pennsylvania  shall  retain  concurrent  junsdictiou 
with  tbe  United  States  in  and  over  the  land  or  lands,  so  far  as  that  all  civil  proeeBS, 
in  all  cases,  and  snch  criminal  or  other proceaa  as  may  issue  under  the  lawa  or  authority 
of  the  State  of  Pennsylvania  asunat  any  person  or  persons  charged  with  orimea  or 
misdemeanora  committed  within  said  State,  including  said  lands,  may  be  executed 
therein  in  the  same  way  and  manner  as  if  aucb  consent  bad  not  been  given  or  jaris- 
diction  ceded,  except  so  far  as  aucb  process  may  affect  the  real  or  petBonal  property 
of  the  United  Stat^ 

Sec.  5.  The  Jurisdiction  hereby  ceded  ahall  not  vest  until  tbe  United  States  aball 
have  acquired  the  title  to  aaid  land  or  lands,  as  herein  provided ;  and  so  long  as  tbe 
said  land  or  lands  shidl  remain  the  property  of  the  United  Statea,  when  arajuired  as 
aforesaid,  and  no  longer,  the  same  shall  be  and  continue  exonerated  from  all  taxes, 
asBeeaments,  and  other  charges  which  may  be  levied  under  the  authority  of  this  State. 

Sec  6.  That  any  malicioua,  willful,  reckless,  or  voluntary  injury  to,  or  mutila- 
tion of,  the  grounds,  bnildinga,  or  appurtenances,  shall  subject  the  offender  or  offen- 
ders to  a  fine  of  not  less  than  twenty  dollars,  to  which  may  bemadded,  for  an  aggravated 
offense,  imprisonment  not  exceeding  six  monlJis  in  the  oouuty  jail  or  workhouse,  to 
be  prosecuted  before  any  court  of  competent  jurisdiction. 

Sec.  7.  Thia  act  shall  take  effect  immediately. 

H.  H.  McCosMiCK, 
Speaker  of  lAe  Houte  of  Bepramtaiira. 
B.  B.  Stromo, 

Sptaktr  of  the  Senate. 


ExEcimvE  Chambek, 

HoTTithiirg,  JUaf  a9,  1^4. 

I  herewith  file  in  the  offloe  of  the  secretary  of  the  commonwealth,  with  my  objections 
thereto,  house  bill  No.  25S,  entitled  "An  act  to  grant  the  consent  of  the  State  of  Penn- 
aylvanta  to  tbe  acquisition  by  tbe  United  States  of  certain  lands  within  the  State,  and 
bordering  on  tbe  Ohio  Biver,  for  tbe  pnrpose  of  erecting  tbereon  dama,  abutmenta, 
locks,  lock-bonaes,  offlcee,  and  other  necessary  structures  for  the  conBtmction  and 
mi^nteoonce  of  slackwater  navigation  on  tbe  siud  river  and  seding  juriadiotion  over 
the  same." 

Tbia  bill  ia  uDoonstitutional.  Section  1  antborizea  tbe  "  condemnation,  in  the  same 
manner  as  land  ia  now  taken  for  pnblic  purposes  ander  any  general  or  special  statute 
for  railroad  or  other  purposes,"  which  la  in  conflict  witb  section  6,  article  3,  of  tbe 
constitution. 

Section  6  of  tbe  bill  imposes  Snea  and  penalties  not  mentioned  in  the  title  nor 
germane  thereto. 

J.  P.  Hartbanft. 


jdbyGoOglc 
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Section  6,  article  3,  of  the  ooDstitation  of  tbe  State  of  Peunsylvanis, 
to  which  tiie  govenior  refers,  reada  as  follows  : 

No  Uv  shftll  be  revived,  amended,  ot  tbe  provieiona  thereof  extended  oc  coafeired 
b;  referenoe  to  its  title  oiiI;i  bnt  bo  moch  tbereof  ae  ie  revived,  amended,  eitended,  ol 
eoDfeired  ehftll  be  Te-eDact«d  and  publiebed  at  length. 

Daring  tlie  session  of  1874-^76  a  new  bill  was introdaced,  which  waa 
carefDily  prepared  so  as  to  meet  the  govemoi's  objeiAions.  This  bill 
read  ae  follows : 


<  cnnt  the  eoDHmb  of  ths  SEata  of  PumaylnnU  to  tha  HqnUltion  hy  tbe  United  Slate*  o 
ids  wlUiia  the  State,  and  borderlDfc  on  the  Ohio  RiTer,  for  the  pnrpoH  of  enodiiE  ttaamm 
abntDMDW,  looke.  loDk-haiigea.  nfflees,  and  the  leoeasuy  tCraBtursa  nir  tbe 


certain  lacds  wllhia  the  State,  and  borderlDfc  on  the  Ohio  Blvei,  for  thi 

dang*.  abntDMDW,  looke.  loDk-hdiigea.  nffleee,  and  Che  neoeasMy  •CraBti 

maiBtanaaoe  of  dukirater  navlfatiaa  od  tbe  aald  rltn,  and  oedlne  jDtiadlatlaii  a*er  the 
fbrimpofl''  ~  " —  ~-  ' '"""  ' ■"«-'  f_±.._-._  ..  -i.. s.  i...>.j. —    —  a  


e  or  (Uckiruer  navlfatiaa  od  tbe  said  Tim,  and  oedlne  jBtiadlaUoii  a*er  I 
fE  fine*  and  penalties  for  willfnl  ii^arlea  to  the  froimda,  buildings,  and  a] 
ider  the  proTialong  of  this  act. 


frepri 

0/  Penutglamia  in  geaeral  asgembl}/  met,  and  it  ie  karebg  enacted  bs  the  authority  qf  tl 
ttmt.  That  whenever  tbe  United  Statea  shall  besin  tbe  improvement  of  ibe  Obio  Siver 
b;  means  of  locks,  movable  dams,  and  adjnstable  chates,  thu  consent  of  tbe  State  of 
Pennsjlvania,  tbrongb  tbe  governor  thereof,  is  hereby  given  to  the  aoqnisition  b;  the 
United  States,  by  tbe  pnrchase,  or  by  condemnation  in  tbe  manner  bersinafter  provided, 
of  any  iands,  bnildines,  or  other  property  necessary,  for  the  pnrpose  of  erecting  thereon 
dims,  abatments,  locks,  lock-honses,  ebntes,  and  other  necessary  Btmctnres  for  tbe  coQ- 
(tmctioD  and  maintenance,  of  slaokwater  navigation  on  said  river,  and  the  said  United 
States  shall  have,  h'>ld,  use,  and  occnpy  tbe  said  land  or  lands,  bnildings,  and  other 
property  when  purchased  or  acquired  ae  provided  by  this  act,  and  shall  exercise  Jaria- 
diction  and  control  over  tbe  same. 

Sec  2.  If  tbe  United  States  shall  determine  to  take  lands,  bnildings,  or  other 
profierty  necessary  for  tbe  purposes  mnntioned  in  the  Gtst  section  of  this  act,  and  oan- 
nat  agree  with  tbe  owner  or  owners  of  such  lands,  buildings,  or  other  property  for  the 
com|N>nsatioD  to  be  made  for  such  taking,  the  conrt  of  common  pleas  having  junndto- 
tion  in  th»<  connty  where  sncb  laods,  bnildings,  or  utber  property  are  situated  shall, 
Dpon  applicalioa  by  either  tbe  United  States  oi  tbe  owner  or  owners,  or  any  one  in 
behalf  of  eitber,  appoint  three  disinterested  freeholders  to  ascertain  and  determine 
tbe  amount  of  compensation  to  be  paid  to  snob  owner  or  owners,  who  shall  make  report 
to  the  said  court  of  their  award  on  or  before  the  first  day  of  the  term  next  after  their 
appointment:  Prodded,  That  tbe  said  United  States  shall  not  be  authorized  to  take 
possession  uf,  or  nse  or  occupy,  tbe  lands,  buildings,  or  other  property  taken  under  the 
provisions  of  this  section  until  tbe  amount  of  said  award  shall  be  paid  to  tbe  owner 
or  owners  thereof :  Provided  farther.  That  tbe  said  conrt  may  set  aside  tbe  report  of 
■aid  viewere,  upon  being  satisiied  that  the  amount  of  said  awnrd  is  exoes.'iive. 

Sec.  3.  Tbat  if  any  person  or  persons  sball  willfully  or  maliciously  injure  any  of 
the  lands,  bnildings,  or  other  property  acquired  or  held  under  tbe  provisious  of  this 
act,  sncb  person  or  persons  shall  be  liable  to  a  dne  of  not  less  than  twenty  dollars,  and 
to  an  ioiprisonment  not  exceeding  six  months,  or  both  or  either,  at  tbe  discretion  of 
tie  court,  said  offense  to  be  prosecuted  and  punished  in  any  court  of  competent  juris- 
diction. 

This  bill  pasoed  the  house,  but  waH  mislaid  in  the  fienate,  and,  thus 
ioeing  its  turn,  could  not  be  again  culled  up  before  adjoHrriment. 

A  third  effort  was  made  iu  the  fall  of  1875,  tbe  bill' of  1874  being  re- 
introduced without  change,  except  to  include  tbe  Moiiongabela  lliver, 
so  as  to  provide  for  the  miticipat^'d  new  lock  aud  dam  on  tbiM  river  nt 
Laorel  Run,  iu  tbe  State  of  Peunsjlvania,  I  regret  to  state  tbat  this 
bill  wiifl  defeated  bj  the  efforts  of  the  coal-shippers  of  Pittttbiirgh,  who 
bare  during  the  year  just  passed  deTelo[>cd  cMjiisiderable  opiMjeition  to 
the  radiciil  impntvement  of  tbe  Ohio. 

I  am,  therefore,  compelled  to  rejmrt  tbat,  owing  to  inability  to  secure 
from  the  State  of  Pennsylvania  tbe  necessary  cession  of  juris^lictiou,  do 
work  lias  yet  been  dune  toward  the  construction  of  tbe  first  movable 
dam  oil  the  Ohio  River,  and  therefore  the  allotment  of  $100,0(10  was  not 
nsed.  It  is  proper  to  add  tbat  the  prices  charged  by  tbe  riparian  own- 
ers for  tbe  land  needed  for  the  lock  were  so  much  iu  excess  of  tbe  actual 
value  of  tbe  proi>ertr.  that  it  seemed  a  duty  to  wait  until  authority 
AP.  H— 2  OtH^Tc 
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coald  be  obtaJoed  to  condemn  the  land  by  legal  procesB.     Such  antbor- 
ity  was  incladed  in  the  bill  introduced  into  the  PenLsylvania  legislature. 

The  opposition  of  the  coal-sfaippers,  which  has  manifested  itself  since 
my  last  annual  report,  seems  to  have  arisen  chiefly  from  their  objection 
to  the  payment  of  tolls.  They  assume  that  the  running  expenses  of 
tbe  locks  and  dams  will  be  met  by  tolls  on  passing  water-craft,  and 
they  decidedly  object  to  sach  an  enforced  contribution.  I  have  endeav- 
ored to  show  them  that  the  tolls  wonld  be  very  light,  and  that  the  ad- 
vantage of  being  able  to  keep  tbeir  steamboats  and  barges  in  constant 
use  would  more  than  cotnpeusate  them ;  bnt  thus  far  tbey  have  refused 
to  be  persuaded.  The  truth  is,  that  if  the  Ohio  Kiver  were  provided 
with  A  i>erpetnal  6-foot  navigation,  there  would  be  no  need  for  the  huge 
fleets  that  can  only  rnn  during  a  few  mouths  iu  the  year,  aud  at  other 
times  are  tied  to  the  bank.  The  traffic  iu  coal  would  become  regular 
and  constant.  We  should  no  longer  hear  of  coal-gluts  or  coal- famines, 
of  fortuues  made  or  lost.  A  steady  stream  of  coal  would  flow  down 
the  river  every  day  iu  the  year,  and  the  shipment  of  coal  would  cease  to 
be  a  speculative  business ;  tbe  small  dealer  could  enter  the  business  with 
safety,  and  competition  would  keep  the  price  low. 

The  advantage  to  consumers  would  be  incalculable.  At  present  there 
is  not  a  large  manufacturing  establishment  on  or  near  the  Ohio  and  Mis- 
sissippi Givers  that  is  uot  compelled  to  keep  on  baud  at  all  times  a  large 
stock  of  coal  for  which  it  has  no  immediate  use,  but  which  it  must  retain 
for  fear  of  low  water  and  a  consequent  coal-famine,  although  it  is  well 
known  that  coal  rapidly  deteriorates  wheu  exposed  to  the  weather.  The 
advantage  of  being  able  to  buy  by  the  barge-load  coal  fresh  from  the 
miue,  in  quantity  as  needed,  wonld  be  worth  millions  to  the  industry  of 
the  Ohio  Valley. 

For  these  reasons  I  cannot  bnt  think  that  the  course  of  tbe  coal-deal- 
ers of  Pittsburgh  is  unjustifiable  aud  contrary  to  public  policy.  They 
condemn  the  whole  project  iu  advance,  and  refuse  to  consent  to  the  cou- 
structiou  of  even  one  dam,  not  withstanding  the  great  local  advantages 
to  be  gained  by  it,  and  notwithstanding  the  fact  that,  in  case  of  failure, 
the  dam  could  be  removed  without  either  injury  or  delay  to  navigation. 

I  am  far  from  desiring  to  do  anything  that  will  injure  the  coal-trade, 
and  my  record  will  show  that  I  have  worlced  faithfully  to  improve  the 
river,  and  especially  itA  upper  portion,  so  that  coal-tows  might  run  with 
more  ease  and  safely  ;  but  I  recognize  the  fact  that  the  shipment  of  coal 
is  not  the  only  nor  even  the  chief  commerce  ou  the  Ohio  Kiver,  that, 
however  valuable  iu  its  effect  on  other  industries,  the  total  annaal  value 
of  tbe  coal  that  descends  the  Ohio  is  but  about  $6,000,000,  as  compared 
with  a  geueral  river-commerce  of  about  $200,000,000. 

Under  these  circumstances  I  think  that  the  objection  of  the  Pittsburgh 
coal-shippers  should  be  overruled,  and  that  the  construction  of  the  Davis 
Island  dam  should  be  kept  steadily  iu  view  ;  aud  tliat  every  proper  ef- 
fort should  be  made  to  secure  tbe  reqoisit«  authority  from  the  State  of 
Pennsylvania. 

Since  my  last  annual  report  my  assistant,  Lieut.  F.  A.  Mahau,  Corps 
of  Engineers,  has  speut  3  mouths  in  £urope,  (thiefly  iu  France,  devot- 
ing his  time  to  a  study  of  engiueeriug  works,  aud  esi»ecia!ly  of  movable 
dams.  He  has  kindly  prepared  the  ibllowiug  brief  summary  of  the  re- 
salts  of  bis  obRervations,  which  I  think  merits  preservation  iu  the  Annual 
Report  of  the  Chief  of  Engineers.  It  is  proper  to  state  that  Lieutenant 
Mahan  visited  France  un  a  leave  of  absence  and  at  bis  own  eipense^ 
and  that  his  report  is  a  volnutary  one: 

Cincinnati,  Ohio,  Julg  aS,  1^6. 

Major:  In  accordanoeirith  yourreqaeat,  1  bave  tbe  bouur  to  present  tbe  following 
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items  that  1  collected  it  bile  abroad  this  past  spring,  and  which  I  tbinkmay  beof  some 
nse  !□  Btudj'ing  the  application  of  movable  dams  to  the  Ohio  River. 

The  Freocb  movable  dam  to  nhicb  I  fcave  the  ereat«st  attention  was  aatnrally  the 
one  at  Port  &  1' Anglais,  as  this  in  the  one  proposed  as  our  model  for  the  Ohio  River.  I 
visited  this  dam  for  the  first  time  on  the  13th  of  April. 

The  season  of  niy  being  abroad  was  in  some  reepects  nnfortnoate,  becaasa  I  arrived 
in  France  juitt  at  the  time  when  the  Seine  was  at  the  hiKhest  it  bad  been  for  years, 
having  overfloweil  its  banks  for  a  great  distance  above  Paris,  and  in  man}'  placed  the 
water-line  was  3  or  4  fsiit  above  the  bank.  The  river  began  t<)  fall  very  shortly  after- 
ward, and  by  the  end  of  April  it  was  almost  down  to  its  normal  low-water  state. 

At  the  time  of  lay  first  visit  to  the  dam  Ihe  rivor  was  still  vtry  bi^b,  there  beins 
only  6  wicketsof  theold  passstanding,  and  1  tnstleof  the  new  pass.  M.BoqW  showed 
me  the  manner  of  raising  and  lowering  a  trestle  of  the  now  pass.  He  thensbowed  ine 
the  fall-size  mmli'ls  of  tbrt^o  kinds  of  wickets  nsed  in  this  dam.  These  moilels  stand 
on  the  tight  bank  of  the  river,  about  15  yards  from  the  abutment  of  tlie  new  pas*.  It 
is  necessary  to  see  these  models  to  obtaiu  an  idea  of  the  size  of  tlie  wickets.  Althongh 
I  had  made  the  drawings  for  the  small  model  in  the  office,  I  never  realized  how  larso 
these  wickets  are  nntil  I  saw  tbem,  After  examining  these  we  crossed  over  to  tho 
lock. 

It  may  be  well  to  give  here  a  brief  desoriplion  of  the  lock  and  dam. 

The  Port  >l  1' Anglais  dam  is  sitnated  on  the  Seine,  abont  2i  miles  above  Paris. 

The  lock  is  <m  the  left  bank  of  the  river ;  it  is  C^  feot ;  95  long  from  out  to  out 
Its  breadth  is  '-iH.'.r?  feet,  and  its  available  length,  ^D.S7  feet. 

The  ilam  is  divided  into  three  parts,  standing  in  the  following  order  as  we  pass  from 
tiie  lock  to  the  opposite  shore :  first,  the  old  pass ;  second,  the  weir ;  third,  the  new 
pass.  The  old  pass  is  179.46  feet  wide  :  the  weir,  1  IS.Ki  feet ;  and  the  new  pass,  94.16 
feet.  The  size  of  the  wickets  of  the  old  pass  is  9.84  feet  high  by  3.94  feet  wide  ;  those 
of  the  weir  are  6.5C  feet  high  by  4.'&  feet  wide;  and  those  of  ihe  new  pass  13.02  feet 
high  by  il.68  feet  wide.  The  wickets  of  the  old  pass  are  manenvored  by  means  of  a 
boat,  but  the  weir  and  the  new  pass  have  a  movable  bridge. 

After  having  crossed  the  river,  we  first  examined  the  look,  whieh  presented  no  very 
special  features  of  interest.  From  the  lock  we  entered  the  maneuvering  boat  of  the 
old  pass,  and  abont  a  dozen  of  the  wickets  were  drawn  into  place.  After  this  we  went 
■shore,  and  I  was  shown  the  arranKenjent  of  the  lock-keeper's  honee,  the  telegraphic 
apparatoB,  &c. 

On  the  25th  of  April  the  operations  for  closing  the  dam  were  begnn,  and  lasteii 
throngh  this  day  and  the  26th. 

The  operation  of  raising  the  trestles  is  very  simple.  A  long  hook,  somewhat  similar 
to  a  boat-hook,  is  used,  to  which  is  fastened  one  end  of  a  rope,  of  which  the  other  end 
1b  attached  to  the  dmm  of  a  small  windlass.  The  book  is  t^en  by  a  man  in  a  row- 
boat,  and  he  casts  it  forward  so  as  to  catch  bold  of  the  trestle  to  be  raised.  After  find- 
ing that  the  hook  has  oaoght  the  trestle,  the  men  at  tho  windlass  start  it  and  draw  the 
Ireetle  np.  When  nearly  vertical,  one  of  the  men  at  the  windlass  catches  it  with  B 
woodeu  bar  that  has  a  sbonlder  at  each  endt  One  of  these  shonlders  is  ecga^  on  the 
top  of  the  trestle  last  raised,  and  the  other  on  the  t<)p  of  the  trestle  preceding.  One 
of  the  planks  of  the  service-bridge  is  now  run  forward,  and  then  the  iron  joining-bars 
(buree  de  rrinnion)  [eye-bara]  are  set  in  place.  The  windlass  is  now  carried  forward, 
to  as  to  be  ready  fur  the  next  trestle. 

In  casting  for  a  trestle  it  frequently  happens  that  the  hook  does  not  obtain  a  firm 
bold.  In  this  case,  so  soon  as  the  trestle  is  raised  above  the  water  and  the  defective 
bold  is  noticed,  a  line  is  made  fast  to  it  and  to  the  trestle  last  raised,  nntil  a  new  hold 
eon  b«  taken  with  the  hook- 

The  tresilee  of  the  weir  are  raised  in  a  similar  way,  bnt  the  operation  is  much  more 
■imple,  as  they  are  macb  lighter. 

After  alt  the  trestles  of  the  pass  have  been  raised  and  the  planks  forming  the  floor  of 
the  service- bridge  have  been  laid,  the  wickets  are  drawn  np  with  a  larger  windlaaa 
used  for  this  pnrpose,  and  left  swung  nntil  after  the  wickets  of  the  old  pass  are  raised. 

The  operation  of  raising  the  wickets  of  the  old  pass  is  the  one  that  requires  the  ([reat- 
cet  skill,  as  it  is  no  easy  matter  to  catch  a  handle  of  lees  than  a  foot  in  length  with  an 
ordinary  hook,  when  the  wicket  is  lying  some  5  or  6  feet  under  water,  with  a  swift 
earrent  flowing  over  it  that  becomes  more  and  more  swift  as  each  wicket  is  raised. 
For  this  work  fi  men  are  reqaired,  and,  in  addition  to  the  ordinary  manenvering-boat, 
Bseoond  boat  or  skiff  is  needed.  The  maneuvering-boat  has  the  principal  windlass  near 
the  stern  and  another  smaller  one  at  the  bow.  The  use  of  this  latter  will  be  explained 
further  on.  The  men,  whom  for  convenience  I  shall  designate  as  Nob.  1,  2,  3,  4,  and  5, 
are  stationed  as  follows  when  work  begins :  No.  1  at  the  bow,  with  the  grappling-hook, 
to  which  is  attached  the  line  leading  to  the  windlass  ;  No.  2  stands  near  No.  1 ;  Nob.  3 
and  4  are  at  the  windlass,  on  the  port  and  starboard  sides  respectively ;  No.  5  is  by 
himsrlf  in  tbe  skiff  on  the  dawn-stream  side  of  the  dam.    Every  one  being  in  place,  No. 

ie  wicket;  No. 2  immediately  hanls in  the  slack 

n  has  fully  como  upon  tbe  wiadlass ;  Nos.  1  and  ' 
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S  tben  CO  to  tlw  astiiUnce  of  Nos.  3  nod  4.  When  the  wioket  li  hanled  Dp,  No.  5  feels 
with  bie  boat-hook  to  see  U  the  prop  be  in  plaoe,  and,  if  he  eo  fiad  it,  tbeo  the  wioket 
is  allowed  t«  assume  ito  npright  position.  When  the  wioket  has  taken  its  place.  No.  i 
oatohes  its  top  with  a  boat-hook,  to  which  the  tine  of  the  Booond  windlaM  is  attached. 
The  top  is  drawn  forward  bj  No.  S,  and  No.  6  then  works  the  prop  aronnd  a  little  to  see 
that  It  is  properly  seated  afcainst  the  henrter.  While  Nob.  1,S,  and  Sare  tbos  ensafjed, 
No.  4  unrolls  from  the  windlaas  enongh  line  for  the  neit  cast,  but,  an  this  prooess  im- 
parto  considerable  velocity  to  the  dmm.  No.  3  stands  b;  to  check  it  with  a  brake.  All 
this  beins  done,  Nos.  3  and  4  cast  loose  the  chains  that  hold  the  mauenTeriii|[-boat, 
these  obains  being  of  such  a  length  as  to  allow  the  boat's  head  to  ooonpy  its  exact  posi- 
tion, and  Nob.  1,  3,  and  4  posh  her  forward  to  her  next  station,  3  and  4  make  fast  the 
obains.  and  the  operation  proceeds  as  before. 

In  all  this  work  the  exact  point  at  which  the  hook  takes  hold  is  a  mattor  of  no  im- 
portouce  either  fur  the  treetles  or  the  wickets.  The  rale  la  to  oatoh  whatever  yon  can 
tiiat  will  hold.  The  handle  is  of  coarse  the  only  thing  on  the  wioket  that  will  give 
a  bold ;  bnt  I  have  seen  the  treaties  caught  by  an  apright,  a  cross-piece,  a  brace,  and 
in  two  or  three  cases  merely  by  a  bracket-plate.  From  what  I  saw  here  I  became  con- 
vinced that  there  woald  be  no  use  In  attompling  to  handle  wicketa  of  the  size  of  those 
in  the  new  pass  by  means  of  a  maneaveringboat,  and  when  I  s|>oke  abont  it  to  M. 
Bod1£,  the  engineer  in  charge  of  Port  ^  1' Anglais  dam,  ho  said  tbaC  id  would  be  impos- 
sible, and  farther  that  it  would  be  almost  a  folly  to  build  a  Chanoine  dam  of  that  size 
without  a  bridge,  because  it  would  be  very  soon  found  that  the  bridge  was  not  only  a 
very  great  convenience,  but  an  absoluto  necessity.  M.  de  Lagrend  was  of  the  same 
opinion.  On  the  other  hand  M.  BemiEe,  at  Aaxerre,  siud  that  hs  wonld  not  feel  the 
Blightest  hesitation  in  attenipting  to  handle  these  large  wickets  with  a  maueuvcring- 
boat,  and  the  lock-tender  at  lie  Bral£e  sa'd  the  same  thing;  bnt  tben  he  was  aoous- 
tomed  to  a  wicket  of  9.64  feet  height,  and  between  this  v.\a  13.02  feet  there  is  a  great 
difference.  But  sappose  that  wichets  of  this  size  conld  be  handled  readily  by  means 
of  a  boat,  bow  are  we  to  manage  abont  beginning  work  on  the  rest  of  the  dam  after 
the  main  part  is  closed  t  The  bead  of  water  formed  by  olosing  the  pass  will  caase 
such  a  onrrent  tbrougb  the  rwt  of  the  dani  that  it  will  be  very  hard  to  begin  work, 
and  once  bcKon,  as  we  advance,  it  will  soon  be  fonad  an  impossibility  to  catoh  the 
wicket,  as  the  current  will  become  so  «tron([  as  to  tirevent  the  man  who  hoe  the  book 
from  exercising  any  control  over  it.  At  the  Fort  a  1' Anglais  dam,  while  closing  the 
old  pass,  iHith  tbe  new  pass  and  the  weir  were  left  open  ;  but  by  the  time  the  last  two 
or  three  wickets  were  reached  it  became  a  very  delicate  operation  to  seize  tbe  handle 
of  the  wicket,  requiring  not  only  great  dexterity,  bat  also  great  strength  to  prevent 
the  carrent  ttota  carrying  the  hook  away,  although  the  fall  was  not  more  than  3^  feet. 
If  this  be  tbe  case  at  this  difference  of  level  what  would  it  be  at  &1  or  G  feet  T 

Again,  if  we  attompt  to  mauenver  the  nhole  dam  by  means  of  a  boat,  we  ehal]  find 
that  before  tbe  dam  is  closed,  tbe  water  in  the  pool  will  have  risen  so  high  that  the 

Knrds  of  tbe  boat  will  nu  longer  rest  against  the  wickets,  but  will  be  above  them. 
Dm  this  canse  we  shall  find  two  difilculties  that  will  stop  our  work.  The  boat  not 
having  her  accastomed  support  will  be  tocuosteady  to  work  from  in  casting  for  the 
wickets ;  and  then,  again,  not  being  held  out  in  her  true  position  by  means  of  her 
guards,  the  lino  of  direction  of  the  force  applied  to  raise  tbe  wicket  will  be  so  nearly 
vertical  that  it  is  donbtfnl  wbetber  the  wicket  will  oume  sufficiently  far  forward  to 
allow  the  prop  to  fall  into  its  seat  against  the  henrter.  Another  trouble  will  be  tbe 
risk  of  having  the  boat  carried  over  the  dam,  because  her  draught  is  less  than  9 
inches,  and  at  the  time  of  closing  tbe  dam  we  shall  probably  have  that  amonnt  of 
water  flowing  over  the  comb  of  the  dam. 

The  above  difdcnlties  are  the  ones  we  shall  find  in  maneuvering  the  pass  if  we  take  it 
Isst. 

Sappose,  now,  that  we  take  the  weir  last.  Then,  in  addition  to  the  difflcnlties  above 
mentioned,  we  shall  have  another  arising  from  the  position  of  the  axis  of  rotation. 
This  axis  being  placed  very  low,  in  order  to  make  tbe  wicket  more  sensitive,  we  run  a 
great  risk  of  causing  it  to  tip  over  when  the  guards  of  the  boat  rest  against  the  top, 
owing  to  the  dynamic  pressure  of  tbe  water  trausmitted  through  tbe  boat  Ui  the  head 
of  the  wickets.  Another  objection  to  tbe  exclusive  use  of  a  maueavering  boat  is  that 
it  does  not  faruiBb  us  with  adequate  means  for  keeping  the  surface  of  tbe  pool  at  a 
fixed  height.  This  necessity  is  usually  met  by  limitiug  the  swing  of  tbe  weir-wickets 
by  regulating  chains,  bat  all  the  experiments  that  have  thus  far  been  tried  for  con&u- 
ing  the  wickets  have  proved  to  be  more  or  lees  unsuccesaful  nnless  "  a  point  of  attach- 
ment be  provided  for  the  chain  which  is  easily  accessible  in  all  weatbirs,  and  even  at 
lii^ht,  whatever  be  the  height  of  the  water.  We  must  be  able  to  change  the  length 
oftbe  chains,  and  consequently  the  inclination  of  the  wicketn  in  all  weathers  and 
even  at  night,  so  as  to  regulate  at  will  tbe  surface  of  the  pool.  The  service- bridge 
'  *  '  seeuis  to  be  the  only  mode  of  completely  solving  the  problem."  •  '  ■  • 
(Beportuf  the  Chief  of  Ecgineei-s,  1675.  Part  I,  pp.  725,726.) 

From  what  I  have  said  above,  I  consider  it  absolutoly  essential  that  both  the  pass 
and  the  high  weir  shoDld  be  provided  with  a  bridge.    This  seems  to  me  to  be  only 
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TSMODable,  and  it  in  id  aoounlance  with  tbe  opinious  of  the  f^reater  nniibeT  of  ths 
French  eiiKio«eTH  with  wbom  1  conversed  on  tba  sabjecC. 

Tbe  drift  of  opinion  leenieil  to  be  in  favor  of  the  Poirfe  aystem  for  oloaing  trrirs 
wherever  tbe  depth  uf  water  on  the  weir  is  not  greater  than  6  or  6^  teet.  Tbe  needles 
can  be  very  easily  handleil  by  one  man,  and  they  affonl  a  very  alniple  niode  of  regn- 
latio);  the  height  uf  tbe  pool,  an  it  is  only  neoaBsary  to  take  ont  aa  many  as  may  M 
needed  to  sive  anfflcient  openiug  for  the  miw  of  the  water.  Tbe  needles,  when  taken 
np,  are  laid  on  the  down-stream  side  of  tbe  floor  of  the  bridge,  where  tbey  can  easilr 
be  fonnd  when  tbe  pool  falls  snffiuiently  to  have  them  repla^d.  A  good  deal  of  skm 
is  required  in  handling  the  needles,  bnt  no  great  amount  of  strength,  tbe  whole  seoiet 
being  in  caneing  tbe  water  to  do  the  greater  part  of  the  work.  Tbe  Poir£e  system, 
however,  is  not  snitable  for  tbe  pass.  The  difflc.ulty  of  handling  snob  large  needles  aa 
are  required  in  passes  is  very  great.  At  the  Snresnes  dam  tbe  needles  are  I3.D3  feet 
in  length,  with  a  cross-section  of  4  incbps  by  4  iciches.  They  weigh,  when  dry,  44 
pounds,  and  when  wet  from  66  pouuds  to  70.4  pounds.  When  it  becomes  necessary  to 
remove  some  of  them  in  order  to  increase  the  discbarge,  it  is  impossible  for  the  dam- 
tender  to  work  theni  by  hand.  He  is  provided  with  a  little  jack,  by  means  of  which 
be  forces  ont  the  brad  of  tbe  needle,  and  then  holds  it  out  with  a  couple  of  blocks  of 
wood  placed  between  it  and  the  needle  on  either  side.  If  the  needles  are  to  be  taken 
from  tbe  walxr,  it  has  to  be  done  in  the  following  very  olum^  way : 

A  boat  is  moored  about  30  or  40  yards  nbove  the  dam.  In  this  boat  is  a  windlass 
workeil  by  two  men.  One  end  of  a  line  Is  attached  to  the  windlass  nod  tbe  rest  of  it 
coiled  upon  tbe  foot-bridge,  where  a  third  man  is  stationed.  The  latter  takes  a  double 
balf-hitcb  on  whichever  needle  he  wants  removed  ;  tbe  men  in  the  boat  turn  the  wind- 
las^  and  Ihns  tbe  needle  is  hauled  into  tbe  boat  and  then  takep  ashore. 

H.  de  LaicrenA,  to  wbom  I  spoke  very  pariicularly  of  the  diffleultias  of  the  Ohio 
Kiver,  including  the  peculiar  method  oF  ooal-tswlDg,  advised  me  That  it  would  be  well 
to  have  one  dam  built  just  below  Pitt«l)nrgh,  and  then  wait  for  two  or  three  years  to 
lee  how  it  will  work  and  how  it  will  answer  the  demands  of  the  river  trade.  He  said, 
liirtbermnre,  that,  owing  to  the  great  length  that  we  woold  have  to  give  to  the  various 
part*,  it  would  ateu  be  well  to  wait  for  that  length  of  time,  because  out  experieuoe 
might  tbeti  suggest  modiflcalioDsthat  would  be  osefal  in  those  to  be  built  afterward. 
Yer;  lespectfnlly,  yoat  obedient  servant, 

F.  A.  Uahan, 
Ibtt  U^Kltluutl,  Emgiite0*. 

U^ot  William  E.  Herriu^ 

Corps  of  Engineer;  U.  S.  J. 
Id  view  of  tbe  above  report,  which  iB  the  reault  of  a  careful  perBonal 
inspection  of  existing  French  movable  dams,  made  with  the  express 
intention  of  procuring  all  available  knowledge  of  their  actual  working, 
and  in  view  of  tlie  additional  fact  that  this  knowledge  was  sought  and 
acquired  by  an  ofBcer  thoroughly  familiar  with  the  Ohio  Kiver  and  its 
coninieroe,  with  the  special  view  of  adHgiting  it  to  tbe  solution  of  the 
problem  of  radically  improving  the  Ohio  River,  I  have  the  honor  to 
recommend  ^e  following  change  in  the  project  previously  presented, 
namely,  the  introduction  of  a  service-bridge  for  use  in  maneuvering  the 
Ghanoiue  wickett*.  The  only  reason  why  this  was  omitted  in  my  former 
project  was  tliat  I  was  desirous  of  saving  the  cost  of  its  constructioD. 
I  am  DOW  satisfied  that  we  cannot  get  along  without  it. 

My  estimate)  ou  the  cost  of  movable  dams  was  based  od  the  sapposi- 
tion  of  tbe  use  of  Chanoiue  wickets  ou  tbe  pass  and  on  both  weirs,  bnt 
lexpresttly  stated  that  I  intende<)  to  leave  the  question  open  tor  tbe 
present  as  to  the  kind  of  apparatus  to  be  used  ou  the  high  weir,  and 
that  I  asHumeil  Chanoine  wickets  merely  to  obtain  an  estimate  of  cost. 
I  am  now  satisfied,  utter  a  thorough  discussion  with  Lieuteuaut  Mahan, 
that  experience  abroad  indicates  the  Puir6e  needle-dam  as  the  best 
apparatus  for  the  high  weir.  These  changes  necessarily  call  for  a  new 
estimate  of  cost,  and  therefore  1  submit  the  following  as  the  estimate  of 
tbe  cost  of  the  first  movable  dam  on  tbe  Ohio,  which  has  been  located 
at  Davis  Island,  6  miles  below  Pittsburgh.  The  prices  of  labor  and 
material  having  changed  since  my  first  estimate  was  made,  present 
prices  have  been  used.  In  view  of  his  recent  ezperieuce  abroad,  the 
preparation  of  this  revised  estimate  was  assigned  to  Lieutenant  JUahaii. 

,,  i,C.(.K")'^lc 


MOVABLE  DAM  AT  DAVIS  ISLAND. 

This  dam  will  be  provided  witb  a  lock  679  feet  long  between  gates, 
and  78  feet  wide,  a  navigable  pass  400  feet  wide,  u  low  weir  400  feet 
wide,  and  a  higb  weir  40U  feet  wide.  The  navigable  pass  and  the  low 
weir  will  be  closed  by  Chanoiiie  wickets,  with  service  bridge  above,  and 
the  high  weir  by  a  Poir^  needle-dam.  The  lock  and  navigable  pass 
will  be  on  rock  and  the  remainder  of  the  daui  on  gravel. 

Lock. — The  estimate  for  the  lock  will  be  the  same  as  that  given  in  Ke- 
port  of  the  Chief  of  Engineers  for  1875,  part  2,  page'OlC  et  »eq.,  which 
ia  $179,610. 

Fwmping. — The  cost  of  putnpiog  for  the  whole  dam  will  be  taken  at 
the  figares  given  in  the  report  jnat  quoted,  or  $3  per  running  foot  of 
dam. 

KarigabU  ptua  atffcr-dam,  ptr  runninj/oof. 
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Strin       leoea 

(ISporM '    Mfeet 

j'tSS^rii;:::' MibJ'.:::. 

so  uta.  per  on.  jd'      8  cu.  jd« . . 

*iu 

13  IS 

tiaia 

running  foot. 

UaWrtal. 

Prtee. 

Qoantily. 

c^t  :"^or 

Ccmcrele 

iSSSS;:::;;, 

SOou,  poreu.  jd 

■SSV.v: 

%t%\ 

UpriRbw  of  eoDcreto  frame 
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Appnnenanaea  of  the  aole  per  ninDing  foot,  tl£.e5;  ■aperstractaro.  tOl.CS;  o 
allth*  of  the  coat  of  elmlLBr  parU  of  Iho  pose. 

Bigh-treir  coffer-dam,  per  running/oot. 


Price. 

Qoantity. 

Cost. 

"sr 

ri-«. 

llSperM 

Oco.yd..... 

500 

50c.  per  on.  jd.. 

111. 

. 

Oio^ 


Foundation,  ptT  running  fool. 


UateiUL 

Prion. 

QnuiUly. 

C-. 

°sr 

UaMTM* 

^EI^1S:f.''.;:- 

1.9Sca.rd... 
3on.yd»..... 

IS  00 

soo 

B*^ 

♦i.Brp«o<i.jd.. 

3180 

1 

Num. 

IblOTUL 

Qomtlty. 

Price. 

C«t 

^.^•^ 

1 

AnchoriiigjjDd^ 

Wnmahtl™... 
CutiroD 

TClbl 

SOlbi 

801b«.... 

6c.  per  lb... 

S80 
SOO 

IS  10 

5«jMr«frttoiitr«,  |>«r  runniaf  foot. 


J 

lf»me. 

MkUriaL 

Qtuntlty. 

Prioe. 

CMt 

't.r 

I 

Treatle 

w™ngbt.™... 

SDOlba.... 
50  lbs 

iuSSm... 

Is 

18 
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Abutmail—/oitndalim>/or  abatnuml. 


iltVaitL 

Price. 

QoaoUty. 

Cob 

»4.90  apiece 

(3  70  apiece 

^ 

|3D« 

Tot»l 

~mw 

HaUirial. 

PriOf. 

Qoaclity. 

Cost. 

CDt-iUDflmuon 

lis  per  cable  ysfd 

«,£;  cable  jird 

81.17  ™bicjfiiril.:;::::: 

1  upttui  and  gfariDE  . . 
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SniOURY. 

Colbr-dMD,  per  raoniiiKfiMt $13  1!^ 

PnmpiDK,  per  raaninfc  foot . . ., .  ....  3  00 

PoiuidatioD,  per  raanrng  foot . ... .  84  24 

ApparteuaDcca  of  sole,  per  rDnning  (bot ..........  22  70 

Trestle,  per  roDaing  foot. 39  37 

Wicket,  per  rmiiiiD)[  foot 34  5& 

Total,  per  ruDDiDg  foot 197  02 

Coit  for  400  feet  of  width t7d,808  00 

Lcwweir. 

Coffer.d»in,  per  rnnoinK  6)ot »13  12 

Pampine,  per  rnaaioK  foot  ,. ............ ■ .. 3  Ot* 

FoDDdation,  per  mnnmg  foot .. ... B5  6& 

Appurt«aaiicesof  Bole,  per  rnnaingfoot 18  8 

wicket  and  tmstle,  per  running  foot  ........ ... . .  01  65 

Total,  per  roDDinc  foot 183  37 

Uort  for  400  feet  of  width tTa.lOe  00 

Coffer-dam,  per  rnaniQe  fbot $13  12 

Pampin^,  per  ninuiQg  foot 3  00 

Ponndation,  per  rnnning  foot 32  80 

AppnrtenanoeA  of  sole  per  niDnlDg  foot 4  29 

Treitle 14  54 

Total 67  75 

Cort  for  400  feet  of  width $27,100  00 

Abufmeut. 

FonndstioD $66S  90 

Saperatraetnte 7,983  35 

Totd 8,646  35 

QattieriDg  together  theM  detAohed  eatitnatea,  we  have : 

NftTlgable PM8 $78,808  OO 

Low  weir 73,108  00 

High  weir 27,100  00 

Two  piers 11,818  36 

AbatEoent 8,646  25 

Engineering  Mid  mperintendeoce  two  years,  at  $6,000 12,000  00 

Total 211,480  61 

ContiDgencies,  30  percent 42,296  12 

Total  estimated  ooet  of  dam 253,776  73 

Dam  Miiiid  Dam*  Uland. 

Coat  of  dam  pw  rnnning  foot: 

One  row  ofaheet-piling,  10  feet,  at  $4.75  per  rnnning  foot,  driven  .. .... ..  $4  75 

40feet,board-meBBare,oapB,at$t5 60 

ffi  feet,  board-meaanrB,  Htringeni,  a  t$15.. .. ...... ............  42 

53^  feet,  board-measure,  ties,  at  $15... . 80 

3  piles  driven,  at  $5 15  00 

37cnbio  yards  Btone-paving)  at  $3.50 , 12  95 

12^  cnbio  jards  riprap,  at  ^ 24  00 
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Scnbio  yards  gravel,  at  40oeDt8 80  60 

Labor 5  00 

Total  per  running  foot 61  32 

Cost  for  dam  420  feet  long $27,014  40 

ContlngencieB,  10  per  ceut 2,701  44 

Total 29,715  S4 

The  total  estimated  cost  of  the  first  movable  dam  on  the  Obio  is, 
therefore : 

Lock $179,  CIO 

Movable  dam 253,777 

Dam  hehiud  Davis  lalaud 29,716 

Total 4«(,103 

which  may  be  put  in  ronud  numbers  at  J4G5,000. 

It  should  be  borne  in  mind  that  the  prices  assumed  are  the  existing 
prices  for  labor  and  material,  both  of  which  are  low,  and  may  be  higher 
before  actual  construction  is  l>egnu.  It  must  also  be  stated  that  all 
work  in  the  bed  of  a  river  as  liable  to  floods  as  the  Ohio  is  subject  to 
contingencies,  in  the  way  of  stoppages  and  damages  to  unfinished 
work,  that  cannot  be  foreseen.  I  have  endeavored  to  i)rovide  for  them 
under  the  bead  of  contingencies,  but  it  is  quite  i>oSHible  that  my  allow- 
ance is  too  small.  If  one  movable  dam  had  been  built,  it  would  l)e  pos- 
sible to  estimate  on  another  with  more  exactness.  Uuder  the  circum- 
stances the  above  estimate  is  the  best  that  can  now  be  made. 

cdmbbrlaud  dah. 

The  dam  at  tbe  head  of  Cumberland  Island,  just  above  the  janctJOD 
of  the  Cumberlaud  Kiver  with  the  Ohio,  has  been  a  serious  cause  of 
trouble  during  the  present  low- water  season.  It  has  often  given  trouble 
before,  but  not  to  so  great  a  degree. 

The  following  statement  of  the  injury  to  navigation  caused  by  the 
condition  of  affairs  at  this  place  has  beeu  compiled  from  the  river-col- 
nmns  of  the  Cincinnati  Commercial : 

June  1!>,  1876. — Tbompaon  Dean  detained  tbree  days,  boat  drawiDg  8  feet ;  6  feet  onlf 
on  tbe  dam. 

Augutt  5. — Idlenild  bad  troable  io  getting  over  the  dam. 

Jugual  6.— SbaniiOD  lost  2  days'  time  anil  was  compelled  to  discharge  part  of  cargo 
in  order  to  get  over. 

Angiut  8. — Depth  reported  in  Camberland  Chnte  3.5  feet.  Depth  over  tbe  dam  4.4 
feet. 

August  7-9.— -Arkansas  Belle  lodged  one  day  on  the  dam  and  afterwards  gronnded  in 
the  chnte  and  was  compelled  to  get  barges  from  Paducab  and  lighten  oC  Arra&ge- 
menlB  made  with  steamer  Jim  Fisk  to  meet  Evansville  packets  here  and  resbip  Cairo 
freight.    Channel  in  obute  reported  very  narrow  and  ragged. 

August  14, — Tow-boat  James  Ollmore  was  compelled  to  leave  part  of  her  tow  above 
the  dam. 

August  21. — Idlewild  aground  12  honrs.    Jamea  Gilmore  compelled  to  lie  up  above 

August  23. — Fontenelle  detained  40  honrs  above  dam. 

August  28. — Thos.  Sherlock  rubbed  in  goiug  over  the  dam. 

Stptembtr  4. — Thoa.  W.  Means  laid  up,  not  able  to  get  over. 

September  11. — Idlewild  nibbed  hard. 

SepUmher  13.— J.  W.  Silverthorn  rubbed  bard. 

Septtmber  14. — Arkansas  Belle  detained. 

Sepltmber  15. — Cherokee  mbbed  bard,  broke  chain  of  a  model  barge  abe  bod  in  tow. 
Arkansas  Belle  detained. 

Smltmher  17.— Thos.  Sherlock  lost  one  day.  Blue  Wing  detained.  Bobiu  rubbed 
bard.    Cons.  Millar  detained. 

S^tember  18. — Arkansas  Belle  detained. 
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In  additioD  to  the  above  I  have  bad  Beveral  urgent  requests  from 
Oaptain  Gramiiier,  superiiiteudeut  of  the  Evaosville  and  Cairo  Packet 
CoiupaDy,  to  do  something  to  relieve  the  difficulties  espericuce<l  by 
boars  at  this  place. 

The  repair  of  this  dam  was  evidently  ordered  on  the  strength  of  my 
report  of  February  14, 187li,  (printed  as  Ex.  Doc.  No.  105,  H.  of  R., 
43d  Oong.,  2it  session,  and  reprinted  in  Report  of  CLiefof  Engineers 
for  1872,  pp.  409,  412.)  This  report  gives  a  full  biotory  of  thia  dam, 
and  to  it  1  would  respectfully  refer  for  additional  information.  The 
dam  was  begun  in  1832,  and  partly  fiuisbed,  repaired,  and  completed 
in  1S38,  partly  repaired  in  1854,  and  thoroughly  re|>aired  and  com- 
pleted in  1872-'74.  l^iiice  1874  it  has  rarely  Iteeu  out  of  water,  but  a 
recent  letter  from  the  former  inspector  of  the  work  of  reconstruction 
informs  me  tbat  there  bus  been  some  subsidence  in  tlie  new  part  of 
tbe  dam,  connecting  the  old  dam  with  the  bead  of  Cumberland  Island, 
but  that  the  main  dam  stands  firm. 

la  recommending  the  repair  of  the  Cumberland  dam,  I  naturally 
assumed  that  the  only  question  involved  wan  that  of  the  {lemianence  of 
the  work,  and  tbat  if  we  could  make  the  dam  stand,  the  results  which 
were  originally  sought,  and  which  seemed  from  old  reports  to  have  been 
attained  as  long  as  the  dam  was  in  good  condition,  would  re-appear. 
Feeling  confident  tbat  the  dam  could  be  made  reasonably  permanent, 
and  believing  thin  to  be  tbe  only  question  involved,  I  therefore  recom- 
mended its  repair.  Experience  shows  tbat  the  dam  has  been  made 
sufficiently  durable,  but  that  the  result  is  unfavorable  froni  an  unfore- 
seen cause.  The  difficulty  ia  due  to  the  fact  that  at  high  water,  when 
the  dam  is  so  deeply  submerged  as  not  to  affect  the  current,  the  main 
voluuie  of  the  river  cnissea  the  dam,  while  tlie  Kentucky  Chute  is  in 
comparativ^y  still  water,  and  receives  heavy  deposits  of  sedimentary 
matter.  As  the  river  falls  the  influence  of  the  dam  begins  and  gradually 
increases,  and  its  ultimate  e£fect  is  to  force  a  strong  current  through  the 
Kentucky  Chute,  washing  out  the  deposits  of  high  water  and  creating  a 
navigable  channel.  If  the  river  falls  very  slowly  this  channel  can  be 
washed  out  in  time  to  prevent  any  injury  to  navigation,  but  if  tbe  fall 
is  sudden,  or  if  the  Cumberland  is  in  a  flood  and  backs  up  tbe  Ohio, 
there  is  not  time'enough  to  do  this  scouring  work,  and  for  a  period  of 
uncertain  length  there  is  no  channel  either  over  the  dam  or  through  the 
chute.  This,  I  think,  explains  fully  the  present  difficulty  at  Cumberland 
dam. 

The  original  object  of  buildiug  this  dam,  as  stated  by  Captain  Dela. 
field  in  1833,  was— 

Til  tLrow  tho  low-water  chaunul  ti)  tlia  luft  of  tbe  islaml  and  Ity  tlie  town  of  Suiith- 
land  to  avoid  a  shoal  bar  near  ibo  lower  poiut  of  tlie  ielaticl. 

As  stated  in  1854  by  Mr.  Charles  A.  Fuller,  United  States  agent  and 
engineer,  was  to — 

Open  au  DDint«rrupt^  low-water  commDiiication  with  tbe  CnnberlaDd  Hiver  via  the 
Eentuckf  Chute. 

The  first  reason  appears  altogether  insufficient  for  undertaking  so 
great  a  work.  At  all  events  the  dam  utterly  failed  to  secnre  the  result 
indicated,  as  there  baa  al  waya  been  a  bad  bar  at  the  foot  of  Cumberland 
Island. 

The  reason  alleged  by  Mr.  Puller  appears  to  me  to  be  the  only  correct 
one.  But  since  Mr.  Fuller's  time  the  river  business  has  greatly  changed 
and  the  commerce  of  the  Cumberland  has  become  insignificant.  Tbe 
practical  effect  of  Camberlaud  dam  at  present  is  merely  to  compel  all 
low-water  navigation  on  the  Ohio  to  pass   the  semi-defunct  town  of 
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BmitlilaDd,  for  which  they  pay  an  anonnl  tax  in  det^ntioDS  at  the  ilatn, 
and  in  the  loss  of  freight  on  account  of  occusional  inability  to  carry  as 
mach  water  over  or  aronnd  the  dam  as  can  be  carried  over  the  other 
rnling  bars. 

Under  these  cirenmstaDces  I  think  that  the  Onmberlaud  dam  has 
enrvired  its  usefnlnesa,  and  sboold  be  removed.  This  can  easily  be 
done  dnring  the  low  water  by  the  United  States  dredge-boats,  and  the 
material  can  foe  advantageoasly  usetl  in  improving  the  channel  at  the 
foot  of  the  island  and  in  keeping  open  the  natural  month  of  the  Onm- 
berlaud Biver. 

The  only  interest  that  will  be  injured  will  be  that  of  the  towo  of 
Smithland,  aa,  dntiug  low  water,  steamboats  will  not  find  it  so  con- 
Tunient  to  atop  there.  It  seems  to  me  that  this  should  not  weigh 
against  the  interests  of  the  geotiral  commerce  of  the  Ohio.  As  mat- 
ters stand  now  I  do  not  feel  at  liberty  to  remove  the  dam  in  the  face 
of  an  order  of  Congress  to  rebuild  it,  but  I  trust  that  the  foregoing 
statement  will  be  sufficient  tojustify  its  removal  during  the  next  fiscal 
year. 

The  appropriation  for  the  improvement  of  the  Ohio  Biver  daring 
the  fiscal  year  ISTG-T?  was$17S,00U.  Tlie  Secretary  of  War  has  or- 
dered that  the  expenditure  during  the  fiscal  vear  be  limited  to  $120,- 
000. 

Estimate  for  1877-78. 

t,  dredges.  Mid  offlo« $100,000 


□  of  movable  dam  al  Davis's  iBlaud,  ($100,000  already  appro- 


For  riprap,  daius,  and  dikes .  - 
For  completion  of  movable  di 

priated) ■,',,.       365,000 

K0,0(» 

Since  the  date  of  my  last  annual  report  I  hnve  found  in  the  March 
number  of  the  Annalea  des  Fonts  et  Chaussie*  of  the  current  year 
a  description  of  a  very  valuable  urodiflcation  of  the  Port  &  I'Auglais 
dam,  made  by  M.  Bou)6,  the  engineer  in  charge.  A.  joint  transla- 
tion of  the  article  referred  to  has  been  made  by  Lieutenant  Mahau 
and  myself,  and  it  is  herewith  preseiited  (a«compani(jd  by  one  plate) 
as  a  supplement  to  this  report  This  article  brings  ap  to  date  the  record 
of  movable  d^ms  as  built  in  France. 

Money  statement. 

Amount  available  July  1, 1875 $274,611  40 

Amount  expended  dnrinu  fiscal  year  ending  Jane  30. 1370 157,590  45 

Amount  available  July  1,  1876,  inclndinx  $8,6^8.16,  due  on  contracts,  &^c..     117,020  95 

Amount  appropriated  by  act  approved  August  14,  1876 175,000  OO 

Amount  tbatcaii  profitably  tie  expended  in  fiscal  year  ending  Jane  30, 187(4.     650, 000  OO 
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plan  and  location  of  movable  dams  for  the  ohio  rivee. 

Office  of  the  Chief  of  Emqinebbs, 

WoKhington,  D.  0.,  May  4, 1875. 
Sib:  In  order  to  carry  into  effuct  so  much  of  the  river  and  harbor 
act  of  March  3,  lt475,  as  appropriates  $100,000  toward  the  construction 
of  a  movable  dam,  or  dam  with  adjustable  gates,  for  the  purpose  of 
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testaog  the  beet  mode  of  improviDg  permanently  the  navigatiOQ  of  the 
Ohio  Biver  and  its  trihataries,  the  location  of  the  work,  with  the  plan 
of  conBtmotiOD  and  the  application  of  the  amonnt  appropriated,  to  be 
approved  by  the  Secretary  of  War,  I  have  the  honor  to  submit  for  yonr 
conBideratdon  a  report  from  a  Board  of  engineer  officers  convened  to 
examine  and  report  apon  the  plan  and  location  of  the  work  in  qnestion, 
B8  proposed  by  Major  MerriU,  Corps  of  Engineers,  in  charge  of  the 
Ohio  Eiver  improvement.  It  will  be  perceived  that  this  Board  approves 
the  plan  and  location  saggested  by  Mfyor  Merrill,  and  recommends  that 
the  work  be  constmoted  accordingly. 
The  report  of  the  Board  is  Qonenrred  in  by  me. 
Very  respectfally,  yoar  obedient  servant, 

A.  A.  HUUPHBBTS, 
Brigadier-Oeneral  and  Oki^  of  Snffineert. 
Hon.  W.  W.  Belkmap, 

Secretary  of  War. 

[Indorsement.] 
Approved.  * 

By  order  of  the  Secretary  of  War. 


Wab  ]>EPASTMBirr,  May  6, 1876. 


H.  T.  Cbosby, 

Ck^f  Ckrk. 


report  of  the  board  of  enqmbebs. 

United  States  Bkgineee  Office, 

Cincinnati^  Okio,  April  19,  1876. 

General:  The  Board  of  engineer  officers  appointed  by  Special 
Orders  No.  42,  dated  Headquarters  Corps  of  Engineers,  Washington, 
D.  C,  April  6,  1875,  have  the  honor  to  report  that  they  met  at  Pitts- 
borgh,  Pa.,  on  the  14th  instant. 

In  accordance  with  the  instructions  of  the  7th  instant,  from  yonr 
office  to  ite  presiding  ofQcer,  the  Board  gave  tbe  subject  referred  to  in 
that  letter,  and  on  which  tbey  were  required  to  report,  as  fall  conaidera- 
tioD  as  was  practicable. 

A  number  of  drawings  from  the  office  of  Major  Merrill  relating  to  it 
were  examined  and  studied ;  conferences  with  persons  residing  in  Pitts- 
burgh who  were  interested  in  it  were  invited  and  held  with  leading 
gentlemen  representing  this  class,  and  the  site  of  the  proposed  dam 
was  visited. 

The  Board  then  adjourned  to  Cincinnati,  and  at  Major  Merrill's  office 
additional  drawings  relating  to  the  subject,  and  a  model  of  tbe  movable 
portion  of  tbe  proposed  dam,  were  examined  and  studied. 

The  stage  of  water  in  the  river  was  so  high  that  it  was  impossible  to 
examine  closely  the  site  proposed  for  the  dam,  but  from  the  soundings 
and  surveys  which  have  been  made,  there  seems  to  be  no  doubt  that  it 
wQl  famish  a  satisfactory  foundation  for  the  structure,  the  lock  portion 
of  which  will  be  on  rock.  If,  however,  the  Chief  of  Engineers  should 
deem  it  necessary  to  do  so,  tbe  Board  can  be  reconvened  when  the  nvex 
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sball  bare  fallen  to  its  lowest  stage,  and  farther  ezamlDatioas  of  the 
site  for  the  remainder  of  the  dam  can  then  be  made,  bat  this  shoald  ia 
no  wise  interfere  with  beginning  the  lock,  as  it  will  caase  no  cbaoge 
whatever  therein. 

With  regard  to  the  plan  of  the  proposed  dam,  which  has  been  sub- 
mitted by  Major  Merrill,  the  Board  are  of  the  opinion  that  it  is  satis- 
factory. It  is  similar  to  the  plans  that  have  proved  successful  after 
long  experience  under  like  conditions  in  France,  and  it  is  modified  by 
improvements  suggested  by  that  experience. 

The  site  chosen  for  the  dam  is  ueceasarily  regulated  by  the  fall  of  the 
river,  which  fortunately  brings  it  in  a  position  where  there  is  an  excel- 
lent foundation  for  that  portion  which  includes  the  look,  and  where  the 
river-bank  above  and  below  for  a  considernble  distance  is  straight  and 
abrupt,  and  thus  will  afford  easy  ingress  and  egress. 

The  dimensions  and  details  for  the  lock  have  been  carefully  matured, 
and  are  considered  by  the  Board  to  be  judicious. 

A  portion  of  the  remainder  of  the  dam  will  be  founded  on  the  same 
rock  strata  whereon  the  lock  will  be  situated.  The  other  part  of  the  dam, 
nearest  Davis  Island,  will  rest  upon  a  bed  of  Ban(^  and  gravel  upon 
which  a  secure  foundation  can  be  constructed  without  difficulty  and  at 
no  unreasonable  expense. 

The  Board  therefore  recommend  that  the  site  chosen  for  the  dam,  and 
the  plans  submitted  for  It  by  Major  Merrill,  be  adopted,  and  that  he  be 
aathorized  to  proceed  at  once  with  the  construction  of  its  lock,  which  is 
essential  and  necessarily  the  portion  that  should  be  first  constructed. 

Of  the  gentlemen  with  whom  we  conferred,  three  are  members  of  the 
Ohio  Kiver  Improvement  Oommission,  one  of  them  being  the  president, 
and  the  second  the  chairman  of  the  executivecommitteeof  that  commis- 
sion. They  express  confidence  in  the  success  of  the  plan  which  we 
recommend. 

We  will  now  describe  how  the  proper  site  for  the  dam  was  determined, 
and  then  discuss  the  details  of  the  lock,  the  pass,  and  the  weirs. 

Thecbief  consideration  in  choosing  a  site  for  the  first  movable  dam 
on  the  Ohio,  is  to  so  locate  it  that  the  raising  of  the  water  surface  by  the 
dam  shall  at  all  times  give  a  minimum  depth  in  the  harbor  of  Pitts- 
burgh of  6  feet.  As  the  depth  in  river-harbors  is  necessarily  dependent 
somewhat  upon  the  condition  of  the  sedimentary  deposits  in  the  bed  of 
the  river,  it  is  necessary  to  refer  to  a  well-established  water  gauge  for  the 
normal  level  of  the  artificial  pool  to  be  created  by  the  dam.  We  have 
selected  as  the  proper  standard  for  this  purpose  the  gauge  in  the  Mo- 
nongahela  Kiver,  a  little  above  the  foot  of  Market  street. 

This  gauge  was  established  to  show  the  depth  of  wat«r  on  the  Glass- 
honse  3hoaT,  about  2  miles  below.  It  does  this  as  accurately  as  is  pos- 
sible in  a  river  like  the  Ohio,  whose  bars  usually  vary  somewhat  in 
height  according  to  the  stage  of  water  and  its  duration. 

As  the  improvement  of  the  depth  of  water  throughout  the  harbor  of 
Pittsburgh  should  be  the  coatrolliug  consideration  in  determining  the 
position  of  the  first  dam,  we  have  therefore  concladed  that  the  latter 
should  be  so  placed  that  the  top  of  the  dam  will  be  at  the  same  absolute 
level  as  the  6<foot  mark  on  the  Monongahela  gauge.  This  will  therefore 
secure  at  least  6  feet  throughout  the  Monongahela  harbor  of  Pittsburgh 
during  the  smallest  discharge  of  the  Ohio,  and  will  usually  secure  a  foot 
or  two  more,  which  will  be  a  decided  advantage. 

The  proper  location  for  this  dam  is  therefore  determined  by  the  pro- 
file.   The  details  of  the  dam  will  be  discussed  further  on,  but  it  is  proper 
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to  state  here  that  the  ptaoB  submitted  propose  to  raise  the  water  10  feet 
higher  than  the  low-water  line  at  the  site  of  the  dam. 

The  followiug  levels  show  the  heights  above  meaa  oceaD-tide  of  vari- 
ous points  on  the  Ohio  River.  The  altitude  assomed  for  the  zero  of  the 
Pittsbargh  gauge  is  that  given  by  Mr.  J.  T.  Gardner  in  his  pamphlet 
just  pablished  under  the  anthority  of  the  Secretary  of  the  loterior. 

Zero  of  the  Fittsbnrgh  gauge  is  699.20  feet  above  mean-tide. 


Low  wfttsr  at— 

Pittaburgh. 

°^i£l5r' 

as 

Feel. 

By  adding  6  feet  U>  the  altitude  of  the  zero  of  the  gauge  we  obtain 
705.20,which  is  the  level  to  which  the  water  should  beraised.  Subtracting 
10  feet  ttom  this  we  obtain  095.20  as  the  altitude  of  the  low-water  line 
at  the  place  where  the  dam  must  be  put.  We  find  that  this  would  place 
the  dam  at  Wood's  Bun,  which  is  an  unfavorable  site.  But  the  fall 
between  Wood's  Bun  and  Bellevne  Station  (opposite  Davis  Island)  is 
only  .09  foot  and  tbe  foundations  at  the  latter  place  are  all  that  could  be 
desired.  We  therefore  think  that  the  proper  location  for  the  first  dam 
on  the  Ohio  is  at  or  near  Bellevue  Station. 

The  site  for  the  dam  having  been  found,  we  will  now  discuss  its  de- 
tails. 

It  will  consist  of  a  lock,  a  navigable  pass,  a  low  weir,  and  a  high 
weir. 

After  a  carefnl  consideration  of  the  plans  proposed  by  Major  Merrill, 
aided  by  the  practical  experience  of  a  trip  of  several  miles  on  a  coal- 
fleet,  we  fully  approve  of  the  width  and  length  of  lock  recommended 
hy  him,  believing  that  a  smaller  lock  would  not  meet  the  legitimate 
requirements  of  the  navigation  peculiar  to  the  Ohio  Biver.  The  lock 
proposed  has  a  width  of  78  feet  and  an  available  length  of  630  feet. 

For  closing  the  navigable  pass,  the  Board  find  that  but  two  systems 
have  thus  far  been  adopted  in  France^  the  Ghanoine  and  the  Poir^, 
both  of  which  are  ftilly  explained  in  Ex,  Doc.  So.  78, 43d  Congress,  sec- 
ond session. 

Considering  the  great  width  of  river  to  be  closed,  and  the  limited 
anmber  of  attendants  that  should  be  kept  at  each  datn,  the  Board  are 
of  opinion  that  it  is  better  to  use  the  Ohanoine  wickets  for  the  nav- 
igable pass.  For  the  two  weirs  they  do  not  recommend  any  system  ab- 
solutely, but  they  would  suggest  that  this  matter  be  left  for  future  con- 
sideration, with  a  view  to  using  on  the  high  weir  some  system  that  can 
be  operated  by  the  fall  which  will  necessarily  be  generated  by  raising 
the  other  portions  of  the  dam.  It  is  also  possible  that  the  Poir^e  sys- 
tem may  be  advantageously  used  on  the  low  weir. 

Ah  both  the  lock  and  the  navigable  pass  must  be  constructed  before 
either  of  the  weirs  is  begun,  the  Board  think  it  best  to  leave  the  mat- 
ter of  the  crowning  of  the  weirs  to  be  discussed  at  some  future  time. 
No  question  of  practicability  is  involved  ia  temporarily  postponing  this 
subject,  as  it  is  certain  that  the  whole  dam  may  be  made  and  worked 
on  the  Chanoine  plan,  but  it  is  believed  that  it  would  be  for  the  interest 
of  the  Government  not  to  decide  this  question  absolutely  until  the  time 


is  at  hsDtl  for  aetoal  coostraction,    Additional  Btndy  and  ezperimeot 
Id  this  conotry  and  abroad  may  resolt  in  a  still  better  solution  of  this 
part  of  the  problem. 
Bespoctfally  snbmitted. 

H.  G.  Weight, 
Lieut.  Ool.  ofJBngineers,  Bvt  Maj.  GenU 
G.  Weitzbl, 
Mt^or  of  Engineers,  Bvt  Maj.  Oenl.  U.  8.  A. 

O.  M.  Foe, 
Major  of  Engineert,  Bvt.  Brig.  Oenl  U.  8.  A. 
Wm.  E.  Mbbbill, 
Major  ofEngvMers  and  Bvt.  Colonel. 
F.  A.  Mahan, 

lit  lAeviienant  Engineers,  Recorier. 
Brig.  Genl.  A.  A.  Humphbetb, 

Okie/ of  Engineers,  U.  8.  A. 


R3. 

SUPPLEMENT. 

MOVABLE  DAMS  WITH  HIQH  LIFTS. 

Memoir  by  M.  Boul4,  Engineer  of  Fonts  et  Chauss4es,  on  a  new  system  of 
movable  dams  closed  by  gates  and  trestles. 

INTEODDCTION. 

Some  of  the  engineers  who  have  visited  the  dam  at  Port  &  I'Anglais 
since  the  construction  of  the  navigable  pass,  an  aoooant  of  whiob  was 
given  in  an  article  publistied  in  the  Annates  in  August,  1873,  have  made 
various  objectiona  to  the  mode  of  closing  adopted  for  this  pass,  or  have 
expressed  doubts  upon  the  opinions  that  £  advanced  in  the  article  on  the 
subject  of  the  utility  and  possibility  of  establishing  on  other  rivers  dams 
of  the  same  kind  having  a  height  of  more  than  13.12  feet  and  a  lift  of 
more  than  9.84  feet. 

While  ackDowledgiug  that  the  solution  adopted  at  Port  ^I'Auglais 
was  the  only  one  that  up  to  that  time  had  been  approved  by  experience 
for  so  high  a  lift,  they  expressed  tbe  opinion  that  it  would  be  well  to 
seek  a  more  simple  and  more  economical  mode  of  closing,  especially  if  a 
pool  still  higher  than  that  at  Port  k  I'Anglais  had  to  be  formed. 

It  seemed  to  me  useful  and  interesting  U)  discuss  the  observations  that 
have  been  made  to  me  oq  this  subject,  and  to  re-examine  the  advan- 
tages and  disadvantages  of  the  different  systems  of  movable  dams  now 
in  ase,  and  this  discussion  made  me  think  of  a  new  solution  of  the  ques- 
tion,^ which  appeared  to  me  the  most  simple  and  economical  of  all. 

I  was  thas  led  to  propose  a  new  style  of  dam,  which  will,  I  think,  allow 
very  deep  pools  to  be  formed  without  too  great  expense,  and  will,  at  tbe 
same  time,  present  great  advantages,  while  avoiding  alt  the  serious  dis- 
advantages alleged  against  the  ottier  systems. 

This  discussion  and  this  proposition  formed  the  subject  of  an  article 
that  I  sent  on  the  Istof  August,  1874,  to  the  commission  of  the  Annates, 
but  the  commission  did  not  thiuk  that  it  ought  to  authorize  its  publica- 
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tioD,  "  for  tbe  reason  that  the  traclitions  of  the  AnnaUa  do  not  allov 
inventora  to  set  forth  in  the  collectioo  new  ideas  that  have  not  been  ex- 
perimented on."  The  trial  of  the  new  8yBt«m  of  dam  was  decided  on  by 
a  ministerial  order  of  November  21, 1S74,  approving  a  plan  for  gates  to 
be  established  against  the  trestles  of  the  Port  h  I'Anglais  dam,  which 
woold  allow,  says  this  order,  "  trials  to  be  made  on  a  new  form  of  dam, 
which  may  lead  to  the  solution  of  the  ever-pending  question  of  dams 
with  bigh  lifts." 

This  plan  was  carried  out,  and  the  pool,  maintained  by  the  wickets  of 
the  Ghauoine  system  in  the  new  Fort  &  I'Anglais  Pass,  was  temporarily 
kept  np  by  the  trestles  of  the  service-bridge  through  tbe  medium  of 
gates  of  the  new  model. 

The  experimeut  with  these  gates  was  several  times  made  in  the  pres- 
ence of  a  number  of  inspectors-general  and  engineers  of  the  Fonts  et 
Chauss4es,  and  it  appeared  to  be  sufficiently  conclusive  for  this  mode  of 
closing  to  be  adopted,  by  a  ministerial  order  of  the  11th  of  last  July,  for 
the  dam  at  Port  Yillez,  of  which  tbe  construction,  begun  several  years 
before  on  the  Lower  Seine,  was  to  be  continned  on  the  new  system. 

Furthermore,  1  was  requested  by  a  ministerial  dispatch  of  June  5, 
1875,  "to  resubmit  to  the  commission  of  the  Annates  my  article  on 
movable  dams,  after  having  completed  it  by  the  .report  of  the  experi- 
ments to  which  it  gave  rise." 

Tbe  present  article  is  the  reply  to  thai  invitation.  It  is  divided  into 
two  parts:  the  first  includes  the  general  description  of  the  new  dam, 
gives  the  reasons  for  the  proposed  arrangemeuts,  and  shows  their  ad- 
vantages ;  the  second  gives  the  dispositions  adopted  and  the  experi- 
ments made  at  Port  k  I'Anglais. 

Chaptbb  I. 


1.  Subgtitution  of  ordinary  gates  for  needles  in  the  dams  ofM.  Poir4e. 

The  dam,  with  trestles  and  ordinary  gates,  may  be  described  in  a  few 
words.  It  is  composed  of  the  simplest  and  earliest  known  parts:  the 
trestles  of  M.  Poir6e  and  the  ordinary  gates  of  hydraulic  works.  The 
gates  slide  vertically  between  two  consecutive  trestles,  as  those  of  mills 
move  between  two  masonry  abutments,  and  sometimes  even  between 
two  wooden  posts.  They  are  maneuvered  in  the  same  way,  with  a  jack- 
screw  from  on  top  of  tbe  foot-bridge  supported  by  the  trestles. 

Among  the  parts  entering  into  the  construction  of  the  dififerent  mova- 
ble dams,  the  trestles  of  Id.  Poir^e  nndonbtedly  present  tbe  greatest 
Qitmber  of  advantages  and  the  fewest  disadvantages.  At  the  same  time 
that  they  sapport  the  gates  they  form  a  service-bridge  that  is  always 
very  osefol,  even  when  it  is  not  indispensable,  no  matter  what  tbe  kind 
of  dam,  and  the  presence  of  this  bridge  allows  all  machinery  to  be 
placed  above  tbe  level  of  the  pool,  and  no  fragile  part  that  may  reqaire 
repairing  need  be  placed  under  water. 

The  needles  of  M.  Foir^e's  dams  have,  on  the  contrary,  many  well- 
known  disadvantages.  It  is  they  alone  that  thas  far  have  limited  the 
height  of  trestle  dams.  Their  nse  requires  the  construction  of  a  long 
and  costly  pennaoent  weir  alongside  of  the  movable  dam.  Finally,  the 
cnrtain  of  needles  is  not  snfBcieutly  water-tight.  It  is  to  avoid  these 
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disadvantages  that  efTorta  have  been  made  to  close  dams  by  means  of 
tarning-gates,  of  variona  forms,  but  these  are  not  themselves  free  from 
faalts,  and  it  is  somewhat  remarkable  that  we  have  always  been  obliged 
to  employ  trestles  for  remedying  them. 

Joat  as  M.  Chanoiue,  in  1850,  established  a  foot-bridge  carried  on 
treaties,  at  Courbeton,  in  order  to  uianenTer  the  shntters  of  M.  Th6- 
nard's  ayatem,  so  similar  bridges  have  been  built  since  tbea,  in  order  to 
maneaver  the  wickets  of  M.  Chanoiue,  not  only  for  the  weirs,  bnt  also 
for  the  pasaes,  when  the  height  of  these  latter  ia  great. 

Bat  we  are  thua  led  to  a  very  costly  and  aomewhat  complicated  sys- 
tem, in  which  the  treaties  ami  supports  of  the  wicketa  appear  to  do  the 
same  thing  twice,  for  we  must  give  the  trestlea  the  same  dimensions 
and  the  same  solidity  as  if  they  were  to  support  the  pool  by  themselves. 

Trestles  do  not  even  seem  to  be  useless  at  the  damsof  M.  Desfontainea  in 
spite  of  their  small  height,  very  little  more  than  3.2S  feet,  as  ia  shown 
in  the  note  published  by  M.  Mal^zieux,  December  29,  1874,  [AnnaleSf 
May,  1875,)  in  which  lie  again  describes  the  coCfer-dam  with  movable 
trestlea  at  the  Joinville  dam,  which  he  had  briefly  noticed  in  his  article 
on  thia  dam, .(Annates,  1868,  2d  half-year.) 

Tlieae  considerations  have  led  me  to  think  that  the  aolution  for  mov- 
able dama,  a  solution  that  ia  always  pending,  according  to  the  ministe- 
rial decision  of  November  24,  1S74,  above  quoted,  would  be  found  by 
resting- gates  similar  to  the  wickets  of  M.  M.  Thi^nard,  Chanoiue,  and 
others,  or  more  simply  ordinary  aliding-gates  directly  against  the  trestles 
of  M.  Poir^e,  and  by  suppressing  the  special  supports  for  the  wickets, 
their  ases  of  rotation,  their  tripping  rods,  and  other  accessories. 

But  ordinary  mill-gates  remain  eonstjvntly  in  place  against  their  sup- 
ports when  they  are  raised  above  the  water,  and  each  of  them  baa  a 
rack  and  its  own  particular  maneuvering  screw. 

In  a  trestle  dam  the  gates  must  be  canied  to  the  storehouse  as  fast 
as  they  are  taken  up,  as  ia  now  done  with  the  needles ;  hence  we  should 
only  have  to  use  one  lifting-machine  for  all  the  gates,  instead  of  having 
one  for  each,  and  the  surface  of  each  gate  should  be  so  small  as  to  make 
it  easy  to  carry  it  along  the  surface-bridge  to  the  store-house  on  the 
bank. 

It  is  evidently  easy  to  design  a  windlass  or  a  crane  that  can  raise  or 
lower  all  the  gates  in  succession  and  which  can  move  backward  and 
forward  on  the  bridge  formed  by  the  trestles,  as  is  now  done  by  the 
windlass  used  in  maneuvering  the  wicketa  of  the  weirs  of  the  Upper 
Seine  and  those  of  the  navigable  passes  of  the  Marne,  of  the  Sadne,  and 
of  the  new  Port-^-l'Anglais  Pass.  Eaeh  gate  in  succession  will  be  at- 
tached to  this  hoisting  apparatus,  either  by  means  of  a  chain  constantly 
listened  to  each  one,  or  by  a  maneuvering  pole,  which  will  be  engaged 
in  the  handle  of  the  gate  from  the  top  of  the  service  bridge,  just  as  the 
handles  of  the  wickets  of  M.  Chanoine's  system  are  seizeii  from  the 
maneuvering  boat  when  we  desire  to  raise  them.  . 

In  all  dama  where  trestles  areased,eitbertohold  np  the  pool  through 
the  agency  of  needles  or  only  to  form  a  service- bridge,  the  distance  be- 
tween the  trestles  is  aomewhat  small,  and  never  varies  much  from  3.3S 
feet.  In  fact,  the  pressure  supported  by  the  treaties  is  proportional  to 
theij  distance  apart,  and  if  this  distance  be  too  great,  we  muat  make 
their  transverse  dimensions  too  great;  and  they  couaequeutly  become 
too  heavy,  as  would  be  the  case  alao  with  the  joining  bare,  which  unite 
them  together  and  form  also  the  rails  on  which  the  maneuvering  wind- 
lass runs.  As  a  general  rule,  it  is  even  well  to  bring  the  trestles  nearer 
together  as  their  height  increases. 
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Heooe  the  breadth  of  the  gates  to  be  placed  between  two  consecntiva 
trestles  will  not  be  very  great ;  bat  if  these  gat«8  were  of  the  same 
height  as  the  trestles,  this  height  would  make  them  aomeldy  so  soon  aa 
tbe  depth  of  the  pool  became  considerable ;  and  when  we  wanted  to 
Taif«  one  it  wonld  extend  to  a  considerable  distance  above  the  foot- 
bridge, and  therefore  we  should  have  trouble  in  guiding  it  and  in  trans- 
portiug  it  on  the  foot-bridge. 

We  will,  therefore,  place  in  the  interval  between  two  trestles  several 
gates,  one  above  the  other,  their  heights  being  eqnal  to,  or  a  little 
greater,  than  their  breadths.  This  arrangement  is  the  key  of  the  sys- 
tcoi,  and  makes  all  the  manenvers  easy. 

2.  Manetivering  the  gates — Numerous  faeilities  and  adzantages  that  Ikej/ 
present. 

The  system  of  gates  restiog  against  trestles  wHl  thus  be  composed  of 
several  horizontal  rows  of  rectangnlar  gates,  just  as  dams  made  of  beams 
are  formed  of  a  certain  nnmber  of  joists  superposed  horizontally.  We 
rnuBt  insist  on  this  arrangement',  becaase  it  is  the  essential  part  of  the 
system. 

To  open  the  dam  we  shall  proceed  as  with  beams,  by  first  taking  away 
the  top  row  of  gates,  then  the  next  row,  and  so  on. 

At  tbe  instant  of  raising,  each  gate  will  support  the  head  of  a  column 
of  water  of  vhich  the  heigbt  is  equal  to  the  depth  of  dow  over  the  top, 
increased  by  the  height  of  the  gate  itself,  if  the  latter  be  entirely  clear 
of  the  lower  pool.  In  the  contrary  case,  tbe  head  will  be  the  total  lift 
of  the  dam  ;  bnt  this  lift  will  then  be  verj'  small. 

When  the  nppcr  row  of  gates,  which  are  evidently  lightly  loaded, 
have  been  removed  tbronghout  tbe  entire  length  of  the  dam,  the  level 
of  tbe  upper  pool  will  lall,  or,  if  it  be  kept  up  by  an  increased  discbarge 
of  the  river,  the  level  of  tbe  lower  pool  will  rise,  and  in  any  case  the  fall 
at  the  dam  will  diminish  rapidly.  The  second  row  of  gates  will  conse- 
qoently  be  raised  under  almost  the  same  circumstances  as  the  first,  and 
this  will  continue  until  we  reach  the  lowest  row  re-tting  on  tbe  sill.  The 
lowest  gates,  completely  immersed  in  the  lower  pool,  will  be  even  more 
easily  raised  than  those  above;  because  when  tbey  are  lifted  tbe  fall 
will  have  almost  disappeared. 

Hence  all  the  maneuvers  will  be  easy,  and  will  never  require  very 
Btrennous  efforts  if  Che  length  of  the  dam  be  great  enough  to  prevent 
too  deep  an  overflow  and  if  the  surface  of  the  gates  be  not  too  great. 
When  the  dam  is  to  be  closed,  the  reverse  order  will  be  observed ;  all 
the  gat«R  in  the  lowest  row  will  be  first  let  down,  while  tbe  fall  is  still 
little  or  nothing;  then  those  of  the  next  row  will  be  placed,  in  order  to 
stop  tbe  flow  over  the  first  row,  and  so  on.  Hence  it  appears  that  it 
ought  to  be  easier  to  close  tbe  dam  than  to  open  it,  because  the  work 
vill  then  be  done  ander  smaller' heads. 

Furthermore,  the  maneuver  of  opeaing  or  closing  will  never  be  done 
alt  at  once,  but  successively  aud  progressively,  as  tbe  discharge  of  the 
river  varies ;  hence  we  have  no  need  to  trouble  oarselves  about  the  du- 
ration of  the  maneuvers. 

The  number  of  gates  placed  against  the  trestles  will  be  daily  increased 
or  diminished,  jnst  as  in  tbe  Poir^e  dams  a  certain  nnmber  of  needles 
is  pat  down  or  removed  snccessively,  making  greater  or  smaller  opeo- 
ingB,  BO  that  the  water-way  of  tbe  dam  sball  always  correspond  to  the 
discharge  of  the  river.  The  level  of  the  upper  pool,  instead  of  under- 
going a  sudden  change  at  any  maneuver,  will  remain,  so  to  speak,  in- 
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variable,  except  vrhen  tbe  river  rises  above  the  normal  level  of  tbe  prtol 
after  all  the  gates  bave  been  removed.  Then  only  will  it  be  necessary 
to  let  down  tbe  trestles,  to  raise  them  again  when  tbe  nataral  height  o( 
the  water  shall  have  ftillen  below  the  normal  level  of  the  pool.  We  can 
then  begin  at  once  to  close  the  dam,  withont  ever  allowing  tbe  water 
to  fall  below  tbe  normal  level  of  the  pool. 

Bams  closed  by  wickets  tnruing  about  an  axis  of  rotation,  present, 
on  the  contrary,  a  great  disadvantage  when  viewed  from  this  stand- 
point, because  we  must  wait,  after  a  flood,  for  a  considerable  fall  in  the 
pool  before  we  can  raise  the  wickets  and  close  the  dam.  Farthermore, 
it  will  rarely  be  necessary  to  open  the  dam  entirely  and  let  down  tbe 
trestles,  and  this  maneuver  will  be  the  leas  frequent  as  the  height  of 
tbe  dam  becomes  greater. 

The  complete  opening  of  the  movable  dams  does  not  take  place  more 
than  two  or  three  times  a  year  on  tbe  Upper  and  Lower  Seiue,  and 
sometimes  it  is  still  lesjl  frequent;  thuit  the  dams  between  Paris  and  Mon- 
terean,  closed  in  May,  1873,  were  not  opened  until  December,  1874,  after 
having  remained  closed  for  more  than  eighteen  months  consecutively. 

M.  Chauoine's  dams  must  be  opened  entirely  when  the  discharge  of 
tbe  river  becomes  so  great  as  to  cause  tlie  wickets  of  the  pass  to  swing 
spontaueoasly,  and  the  same  necessity  is  presented  in  M.  Poir^e's  sys- 
tem when  tbe  level  of  the  lower  pool  threatens  to  reach  the  service- 
liridge.  The  height  of  the  trestles  of  a  dam  with  gates,  not  being 
limited,  as  in  M.  Poir^'s  system,  by  tbe  necessity  of  reducing  the  length 
of  the  needles  as  much  as  possible,  the  foot-bridge  can  be  raised  con- 
siderably higher  than  the  sorface  of  the  pool  and  can  oven  bo  placed 
above  ordinary  floods. 

This  result  is  very  important,  and  allows  us  to  be  easy  as  to  the  length 
of  the  maneuvers,  tor  we  no  longer  have  to  fear  being  unable  to  finish 
opening  the  dam  before  the  arrival  of  a  flood,  and  seeing  it  submerged 
without  being  able  to  complete  tbe  maneuver,  as  twice  happened  at 
Snresnes  dnriug  the  floods  in  the  beginning  of  1873.  In  fact,  this  dam 
was  first  submerged  from  January  21  to  February  11, 1873,  with  all  its 
trestles  staudiug  and  250  needles  in  place,  and  also  from  the  27th  of 
February  to  the  28th  of  March  with  90  needles  in  place.  Something 
similar  happened  at  the  Evry  dam  during  the  flood  of  1866,  as  all  the 
wickets  of  tbe  weir  remained  swung  on  their  horses  during  tbe  entire 
flood,  because  there  are  no  trippiug-rods  on  the  weirs  of  the  Upper 
Seine,  and  in  1866  the  trestle-bridges  had  not  yet  been  constructed. 

These  two  accidents  had  no  disastroas  consequences,  but  they  might 
have  had,  and  it  is  certainly  very  well  to  avoid  their  recurrence,  as  can 
be  done  with  the  dam  of  gates  and  trestles,  if  the  level  of  the  foot- 
bridge is  sufficiently  raised. 

Tbe  ease  with  which  the  water-way  can  be  varied  to  snit  the  require- 
ments  of  floods  is  also  very  important. 

The  maneuvering  of  the  dams  of  M.  Chanoine  is  already  too  rapid, 
and  the  engineers  of  the  Upper  Seine  are  constantly  instrnctiug  the 
dam-tenders  to  do  it  very  slowly  ;  for  when  a  dam  is  opened  too  rapidly 
an  artificial  torrential  flood  is  caused  that  is  often  very  dangerous,  and 
when  the  dam  is  closed  too  rapidly  the  supply  of  the  lower  pool  is  dis- 
proportionately reduced,  and  boats  are  liable  to  ground. 

Qnick  maneuvers  might  be  useful  in  forming  artificial  floods  with  low 
dams,  but  they  cannot  be  permitted  with  high  dams,  especially  where 
a  number  of  dams  are  built  in  regular  succeiraion,  because  their  efl'ects 
are  cumulative,  since  it  becomes  necessary,  as  a  rule,  to  open  or  close 
them  almost  simnltaneously.    Tbe  most  quiet  river  thus  becomes  a  tor- 
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rent  when  all  the  dams  are  maneuvered  together,  and  navigation  is 
very  mncb  emharraBsed,  botb  at  the  geoeral  opeoing  and  the  general 
closing  of  the  dams. 

From  this  point  of  view,  the  gat^-tlam  will  present  the  same  advant- 
ages as  the  needle-dam ;  besides,  the  discbarge,  taking  place  by  overflow 
tfarougboiit  theentireleugtiiof  the  river,  will  be  equally  divided  over  this 
extent;  scours  will  be  less  feared,  and  injurious  eddies  will  uot  be 
causett  below  tbe  locks,  as  is  somettines  the  oise  on  the  Upper  Seine 
when  tbe  weir  is  partly  opened  and  the^pass  is  closed. 

Finally,  we  shall  be  able  to  obtain  tbe  same  result  as  if,  in  a  station- 
ary dam,  we  could  gradually  lower  the  crest  as  the  discharge  increases. 

Hence,  we  shall  thus  reiilise  the  dam  with  movable  sill,  lately  de- 
mauded  by  tbe  general  council  of  the  PoaU  et  Ohan»iie»  in  order  to 
avoid  placing  the  permanent  sill  above  tbe  bottom  of  the  river,  as  M. 
Saint-Tvea  bas  mentioned  in  an  article  published  in  Xovember,  L87U,  in 
the  Annal&t,  page  440. 

The  lowest  row  of  gates  will  bo  taken  up  but  very  rarely ;  they  might 
be  raised  a  little  sometimes  to  prevent  deposits  on  tbe  up-stream  side. 

In  chapters  VI  and  VII  of  the  article  on  tbe  dam  at  Port-i  I'Auglais, 
I  insisted  npou  the  utility  of  arranging  movable  dama  in  such  a  way 
that  they  can  vary  tlieir  water-ways  in  all  pro]>ortions,  according  to  tbe 
discbarge  of  the  river,  and  that  all  their  operations  may  be  carried  ou 
ander  the  smallest  i)os8ible  bead.  I  showed  that  these  results  can  be 
obtained,  no  matter  what  tbe  system  of  closing  may  be,  by  dividing  the 
dam  into  several  sections,  of  which  tbe  sills  are  set  at  ditferent  levels; 
bat  this  solution  is  costly,  because  it  causes  a  very  great  length  to  be 
given  to  tbe  dam. 

In  a  dam  composed  of  several  ranks  of  onlinary  gates  sliding  verti- 
cally between  trestles,  the  same  results  will  be  obtained  in  another 
way,  that  is  probably  more  simple  and  more  economical.  It  will  always 
be  desirable,  in  order  to  reduce  expenses,  to  limit  tbe  breadth  of  the 
deep  navigable  pass  to  the  dimensions  strictly  necessary  fur  navigation ; 
but  here,  however,  tbe  cost  of  first  construction  will  not  increase  so  rapidly 
with  the  height  :is  in  more  complex  systems.  On  the  other  hand,  as 
tbe  navigable  pass  will  be  closed  by  several  ranks  of  gates,  it  might 
really  form  tbe  entire  dam  by  itself,  and  in  case  of  necessity  we  could 
And  in  it,  one  below  tbe  other,  the  various  passes  at  different  heights, 
which  must  be  placed  alongside  of  each  other  in  a  dam  formed  of  gates 
or  needles,  of  a  height  equal  to  that  of  the  pool.  This  might  bo  useful 
in  a  dam  established  in  a  narrow  part  of  tbe  river,  as  iu  a  city  where  the 
river  is  inclosed  between  quay  walls ;  for  example,  if  it  had  been  desired 
to  complete  tbe  iMoiiuaie  dam  at  Paris  by  closing  tbe  right  arm,  as  had 
formerly  been  contemplated,  or  if  we  wished  to  build  a  dam  at  tbe 
mouth  of  the  SaOne  at  Lyons,  as  they  are  now  proposing,  in  order  to 
raise  the  water-snrface  iu  the  passage  through  the  city,  and  on  the 
mitre  sill  of  the  He  Barbe  lock.  In  every  case  we  should  examine  in 
different  lights,  and  especially  in  that  of  cost,  wiietber  it  be  better  to 
diminish  tbe  total  length  of  the  dam  by  inureiksing  that  ot  the  deepest 
pass,  or  to  adopt  the  contrary  solution,  while  still  preserving  tbe  same 
diecbarge-area  tor  floo<ls. 

For  this  we  shall  have  a  facility  not  offered  by  other  systems,  and  we 
shall  have  at  the  same  time  another  solution  tu  the  problem  which  M. 
Charles  Puiree  only  solved  in  tbe  Monuaie  dam  at  the  expense  ot  navi- 
gation, because  boats  cannot  pass  this  dam.  There  will  always  be  over 
tb  gates  of  tbe  new  dam,  as  over  the  sei^tiou  of  LaMonnaie,  an  overflow 
of  variable  depth  according  to  tbe  discharge  of  the  river  and  the  total 
AP.  B— 4  '.(.Kl'^lc' 
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length  of  the  dam,  but  anfflcient  to  keep  in  the  tipper  pool  a  savface 
cnrrent,  and  to  carry  off  the  drift  that  always  Accumulates  above 
needle  dams.  I  need  not  add  that  tbi»  overflow  will  permit  ux,  as  in 
wicketdams,  to  dispense  with  the  permanent  wier;  wbitb,  however,  is 
indispensable  with  needle-diims,  in  order  that  the  pool  may  not  rise  to 
the  level  of  the  serviee-bridge.  ' 

We  know  that  doing  away  with  the  permanent  weir  is  a  great  won- 
oray,  which  alone  compensates  for  the  heavy  costs  of  constructing  dams 
that  permit  an  overflow,  like  those  of  M.  Ohauoine  and  M.  Desfontaiues. 
The  overflow  which  is  only  iutermlttent  in  the  dams  of  M,  Chauoine  on 
aocoant  of  the  spaces  between  the  wickets,  will  in  onr  case  be  perpetual, 
as  at  La  Monnaie,  because  the  gates  will  be  almost  entirely  tight  if  con- 
structed with  care,  and  then  the  entire  dischiirge  of  the  river  will  flow 
over  the  crest  of  the  gates  as  over  a  weir. 

This  property  of  the  dam  will  allow  almost  the  entire  volume  of  the 
river  to  be  used  for  water-power,  and  the  value  of  the  force  thus  utilized 
will  be  eqiiiil,  if  the  fall  is  moderately  great,  to  the  cost  of  coustrnC- 
ing  the  dam,  a  cost  that  will  thus  become  productive,  independently  of 
the  improvement  of  navigation. 

In  spite  of  the  inevitable  loss  of  water,  it  is  probable  that  we  shall  be 
able  to  measure  at  any  instant  the  discharge  of  the  river  over  the  weir 
ot  thin  plates  formed  by  the  gates,  with  an  approximation  at  least  equal 
to  that  which  can  only  be  obtained  by  long  and  complicated  operations, 
and,  consequently,  only  at  rare  intervals,  by  means  of  surface  floats,  of 
the  Woltmau  mill,  or  the  Pilot  Darcy  tube.  We  shall  then  be  able  to 
indicate  with  great  exactness  to  the  lock-teoders  of  the  lower  dams  the 
maneuvers  that  they  should  execute  nuder  all  circumstaucee,  according 
to  the  change  iu  the  discharge  of  the  river.  This  is  not  the  case  with 
dams  of  needles  or  of  Chanoine  wickets,  and  lock-tenders  are  sometimes 
liable  to  act  hastily  and  thus  cause  troublesome  consequences  below. 

Finally,  the  gates  having  to  be  raised  and  stored  during  floods,  like 
the  needle-dams  of  M.  Poir^e,  it  will  always  be  easy  to  keep  them  in 
good  order,  to  repair,  calk,  and  pitch  them.  This  is  not  the  case  with 
the  dams  of  M.  Ohauoine  and  others,  whose  wickets  are  always  under 
water,  be  the  dam  closed  or  open.  Moreover,  the  keeping  iu  order  of 
these  wickets  is  difficult  and  very  onerous. 

3.  Dimmeiong  and  arrangements  of  the  gatea. 

The  breadth  of  the  gatea  will  be  determined  by  the  space  between  the 
trestles.  It  will  never  be  much  greater  than  3.28  feet,  and  it  will  gen- 
erally diminish  as  the  height  of  the  pool  increases.  As  to  their  height,  it 
will  depend  at  the  same  time  on  the  depth  required  for  the  pool,  on  the 
width  of  the  service- bridge,  over  which  they  have  to  be  carried,  and  on 
the  solidity  of  this  bridge,  which  alone  limits  the  power  of  the  hoisting- 
apparatus.  The  servic&bridge  being  necessarily  more  solid  as  the 
trestles  are  'stronger  and  nearer  together,  while  at  the  same  time  the 
pool  increases  in  depth,  we  shall  be  able  to  increase  the  height  of  the 
gates  in  high  dams,  so  as  to  diminish  the  number  required.  In  particn- 
lar,  we  shall  be  able  to  allow  a  considerable  height  to  the  gates,  which 
rest  at  the  bottom  on  the  sill  of  the  dam,  and  are  always  covered  by  the 
lower  pool,  because  they  will  never  be  maneuvered  except  when  the 
bead  is  nearly  destroyed,  or,  at  least,  is  very  small. 

However,  as  the  total  sarliace  and  the  weight  of  the  gates  mast  never 
be  too  great  to  be  manageable,  I  think  that  this  snrface  ought,  as  amle, 
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to  be  from  10  to  20  sqnare  feet,  and  that  it  shonld  not  vary  much  from  15 
sqaare  feet. 

The  pates  of  the  opiier  nmhs  will  habitnall;  be  maneavered  under  a 
bead  slightly  greater  than  those  at  the  bottom,  and  it  may,  perhaps,  be 
advantageoDs  to  make  thein  not  quite  so  high  ;  finally,  it  will  be  very 
advantageoos  to  place  at  the  top  a  row  of  very  light  gates,  which  the 
datn-teudere  can  handle  by  hand  without  the  fmsistnnvc.  of  a  windlass. 
If  the  gates  of  the  top  row  be  only  from  0.83  foot  to  1  foot  high,  they  will 
be  rednced  to  simple  light  boards,  becanse,  being  always  under  a  small 
pressnre,  they  may  be  very  thin.  They  can  be  handled  as  easily  as 
small  needles,  and  yet  by  taking  them  np  the  discharge  will  he  increased 
3  or  3  cubic  feet  per  running  foot,  which  will  generally  sufHco  to  regu- 
late the  heiglit  of  the  ik>oI  during  the  entire  season  of  low  water. 
Should  the  river  bo  subject  to  greater  variations  of  discharge,  or  should 
the  length  of  the  water-way  of  the  dam  be  small,  we  might  place  at  the 
npi>er  part  two  ranks  of  gates  of  this  kind.  They  wonirt  be  very  much 
like  stop-planks,  with  the  difference  that  instead  of  regular  beams,  they 
vould  merely  be  short  planks. 

If  these  little  gates  at  the  top  be  but  1  foot  high  by  4  feet  wide, 
and  there  be  an  overflow  of  0.66  foot  above  them,  the  load  they  would 
have  to  bear  would  be  U80  jmuDds,  and  as  they  rest  on  two  points  of 
support  4  feet  apart,  they  would  have  to  he  0.1  foot  thick.  They  would 
then  only  be  ordinary  planks,  weighing  from  16  to  30  pounds,  which  a 
man  could  very  easily  carry.  To  make  them  slide  vertically  along  the 
trestles,  assuming  a  co-efficient  of  friction  of  0.50,  would  require  a  force 
of  140  ponnds.  The  dam-tender  can  then  raise  them  very  easily  by 
Dtesns  of  a  simple  lever,  and  can  replace  them  with  the  same  lever, 
which  he  will  use,  if  necessary,  as  a  maul  to  drive  them  into  place. 

The  lower  gates,  which  will  be  much  higher  and  more  heavily  loaded, 
may  be  of  cast  or  sheet  iron  or  of  wood,  but  the  simplest  and  most  eco- 
nomical method  will  be  to  make  them  of  wood,  so  that  they  may  be  at 
once  lighter  and  more  readily  kept  in  order.  In  this  case  they  will  be 
made  of  several  short  pieces  of  plank  l.ih]  on  top  of  each  other  and 
tongued  and  grooved,  or,  better,  assembled  with  a  double  groove  and 
false  tonge  of  sheet-iron.  These  planks  will  besides  be  connected  by 
vertical  assembling-nxls,  and  will  all  rest  at  their  ends  on  two  adjoin- 
ing trestles. 

If  they  are  4  feet  wide  and  4.25  feet  high,  and  the  head  is  9.84  feet, 
each  of  the  gates  will  have  a  surface  of  17  sqnare  feet,  and  will  have 
against  a  pressure  of  63.5  x  9.84  x  17  =  10,455  poands ;  hence  we  shall 
have  to  make  the  usnal  thickness  o'  the  gates  0,37  foot.  A  thickness 
of  0.33  foot  would  answer  for  a  head  of  13  feet. 

CoQseqnently,  the  gates  will  not  bo  thicker  than  the  needles  ordina- 
rily used,  and  when  the  dam  is  opened  the  volume  of  wood  to  be  taken 
to  the  store-house  will  not  be  greater  than  in  M,  Poir^e's  dams. 

Moreover,  this  transportation  can  be  accomplished  by  means  of  a 
small  car  running  on  the  bridge;  hence  it  will  offer  no  difficulty  and 
involve  no  loss  of  time.  The  pressure  against  the  gates  will  be  much 
redaeed  at  the  moment  of  raising;  still  if,  for  any  reason  whatever,  we 
desired  to  raise  them  under  the  eiitire  head  of  9.84  feet,  we  should  yet 
only  require  a  force  6,227  ponnds,  allowing  a  coefficient  of  Iriction  50 
per  cent ;  hence  a  windlass  like  that  at  the  new  Port  d,  I'Anglais  Pass 
would  be  sufficient  to  handle  them,  since  it  can  raise  6,t>U0  pounds. 

If  the  trestles  have  side  angle-irons  fbrming  grooves,  the  gates  will 
slide  in  these  grooves,  in  the  same  way  as  mill-gates,  and  the  planks  of 
which  they  are  made  may  be  fastened  together  by  vertical  cross-pieces 
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of  wood  or  iron,  of  any  shaiie,  provided  that  1  bere  be  an  iron  bar  on  the 
edge  of  the  gate  to  diminish  the  friction  on  tlie  angle-iron  groove. 

But  if  the  trestles  have  regiilarlyniade  grooves,  and  they  should  hap- 
pen to  become  warped,  the  gates  might  get  jammed  in  the  grooves;  it 
would  be  better  tbeu  to  rest  them  against  a  simple  shoulder,  open  up- 
stream, and  to  fasien  together  the  planks  of  each  gate  by  two  angle  or 
T  irons  fastened  to  the  sides.  One  of  the  angles  of  these  irons  will 
press  against  the  np-stream  angle  ot  Ihe  i)ost  of  the  trestle,  which  need 
not  hare  any  special  form.  The  very  shH|>e  of  the  T  iron  cross-pieces 
will  increase,  the  stillness  of  the  gates  and  prevent  them  from  warping. 
Fnrtherntore,  there  is  no  danger  ot  their  warping  under  the  presHuro  of 
the  water;  they  could  only  bend  in  the  middle,  and  this  can  easily  be 
avoided  by  making  them  thick  enongh.  Nor  are  they  more  likely  to 
warp  in  the  stoie-bonse  wlieu  out  of  the  water,  if  care  be  taken  to  prop- 
erly pile  them  on  top  of  each  other  and  to  jdace  a  weight  on  the  top 
one. 

4.  Mitcellaucom  arranffentents — (iwlowaiic  gates. 

Many  other  arrangements  might  be  adopted  for  the  gates.  For 
e:campi^<  v^  miglit  eonstruet  a  tr:nne  to  bold  the  planking;  but  1  do 
not  think  that  the  weight  of  the  gates  woidd  thns  l)e  lessened,  at  least 
if  they  be  of  wood,  and  the  pressure  of  the  water  would  be  throwu 
against  ceitain  S|)ecial  points  of  the  trestle  instead  of  being  distribnted 
over  their  entire  height,  and  that  would  certainly  present  some  disad- 
vantages. 

We  inigbt  also  be  tempted  to  place  rollers  between  the  gates  and 
tbeir  slides ;  but  if  their  rollers  bad  but  a  small  diameter  they  wonid 
tarn  bard  after  being  immersed  a  little  while;  besides,  the  entire  press- 
ure coming  on  the  rollers,  the  latter  would,  after  a  while,  make  indenta- 
tions along  the  upright  of  the  trestle,  over  which  the  pressure  would  I>e 
badly  distributed;  finally,  the  rollers  would  involve,  I  think,  losses  of 
water  that  had  as  a  rule  better  be  avoided. 

To  hasten  the  o|iening  of  needle-dams  there  has  been  employed,  iu 
many  cases,  a  well-known  expedient,  consisting  in  letting  all  the  needles 
of  a  bay  escape  at  once,  after  having  fastened  them  to  a  rope,  by  means 
of  which  they  are  afterward  picked  up  below ;  different  systems  of 
escapement  have  been  adopted,  especially  on  the  Upper  Seine,  the 
Yonne,  and  the  Meuse. 

This  expedient  might,  in  an  emergency,  be  applied  to  gates  as  well 
as  to  needles,  and  for  this  it  would  be  BuQicient  to  rest  one  of  the  sides 
on  a  key-post,  forming  part  of  the  trestle,  and  arranged  tike  similar 
posts  in  dams  made  of  stop-planks. 

But  it  would  be  more  difficult  to  pick  up  the  gates  below  the  dam 
than  the  needles,  because  the  former  are  heavier  and  will  not  float. 

We  might  most  easily,  and  just  as  rapidly,  increase  the  water-way  of 
the  dam  on  the  approach  of  a  flood  by  inserting  flutter-valves  in  the 
gates,  like  those  added  to  the  wickets  of  the  uavigabbd  passes  of  the 
Upper  Seine. 

The  gates,  instead  of  being  solid  plank,  woald  then  be  f^mes  sup- 
porting a  valve  tnrning  on  a  vertical  or  a  horizontal  axis.  The  ease 
with  which  the  gates  can  be  taken  np  in  order  to  carry  them  to  the 
storehouse,  or  only  to  place  them  higher  or  lower  in  the  water,  will 
permit  us  readily  to  determine  by  trial  the  t^est  arrangement  to  be 
adopted  for  the  valve  and  the  position  of  its  axis  of  rotation,  and  t« 
test  every  sort  of  tnrning  or  eveu  automatic  valve. 

We  might,  for  example,  place  in  the  gates,  and  especially  in  tbosa  of 
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the  upper  ran^s,  flatter-valves  with  a  horizontal  axis,  or  flash-valves 
with  a  vertical  axis,  like  those  in  the  gates  of  sluicing-locka,  oi;  evea 
Chanbard  coDstaDt-level  valves,  or  any  other  sort  of  automatic  valve. 

This  voald  Anally  resolve  itself  into  supportinp;  the  swinging  wicketa 
of  M.  Cbanoine  directly  against  the  trestles  of  M.  Poir^e,  auppressiiig 
the  horses,  props,  tripping- rods,  &c,,  of  the  former,  and  eoiiawjoently 
removiDg  the  complications  which  have  been  brought  up  against  the 
Port  i  1' Anglais  dam,  where  the  trestles  seem  to  do  the  same  work  as 
the  special  supports  of  tho  wicketR. 

We  would  then  fully  realize  the  amalgamation  of  the  systems  of  MM. 
Poit^  and  Th^nanl,  which  M,  Ghanoine  sought  when  he  built  the 
Conrbetoa  dam. — {Annates,  L85I,  2*  Semestre.) 

We  would  preserve  the  advnntages  which  the  trestles  pre-sentover 
the  more  complicated  supports  of  the  wickets,  and  also  the  overflow 
throughout  the  entire  length  of  the  dam,  and  the  rapid  increase  of  the 
miter-way,  which  the  wickets  permit,  but  which  are  tacking  where 
needles  are  used.  Finally,  we  should  avoid  the  diflicnUy  of  repairing 
the  vieketfi. 

In  a  word,  we  wonld  thus  combine  nearly  alh  the  good  points  of  all 
the  other  systems,  while  at  the  same  time  avoiding  the  greater  part  of 
their  defects. 

But  as  the  gates  rest  thus  against  trestles,  the.v  should  always  bo  so 
small  that  they  may  be  taken  from  the  water  and  carried  to  the  store- 
hoaae,  and  it  would  always  be  necessary  to  have  several  ranks  in  the 
height  of  the  pool  unless,  indeed,  this  ht*ight  were  small. 

Thanks  to  their  small  size  and  to  their  position  under  a  serviee- bridge, 
vt  coald  always  often  or  close  these  turning  valves  by  hand  through  the 
medium  of  a  boat  hook;  they  would  not  then  presi^nt  the  well-known 
disadvautages  of  the  large  automatic  valves,  or  of  thosi^  which,  without 
noriug  spontaneously,  most  be  maneuvered  from  the  shore  by  snb- 
fflerged  machinery,  that  it  is  very  hani  to  keep  in  order. 

The  use  of  these  turning- valves,  besides  allowing  the  water  way  to  be 
rapidly  increased  on  tbe  approach  of  a  flood,  would  lessen  the  force  re- 
qnired  daring  the  maneuvers,  because  it  is  evident  that,  after  the  open- 
iOKof  the  tnmiug- valves,  the  pressure  and  the  friction  of  their  frames 
'ill  be  moch  rednced,  no  matter  what  may  have  been  the  bead. 

More  than  this,  we  can  by  this  means  completely  destroy  the  friction, 
fnra  valve  of  this  kind  resembles,  when  open,  the  rudder  of  a  boat,  and 
places  itself  in  the  direction  of  the  current.  If  we  press  on  the  breenh, 
the  pressure  of  the  water  will  act  on  top  of  it,  and  it  will  slide  along 
thewiekets  until  it  reaches  the  lower  g.ite  or  the  sill ;  if,  on  the  con- 
trary, we  pnll  on  the  breech  with  a  boat-hook,  the  pressure  of  the  water 
<nll  act  underneath  the  valve,  and  make  it  rise  along  the  trestle.-*  to  the 
urfbce  of  the  pool.  I  know  by  direct  experiment  that  one  man,  or  two 
atthe  oatside,  caa  make  a  gate  of  10  square  feet  rise  and  sink  thns 
along  the  trestles  by  their  own  strength  and  withont  the  assistance  of 
any  windlass. 

Bnt  this  experiment  is  hard  to  perform  and  necessitates  the  use  of 
^nite  a  complicate  valve.  We  must  first  have  a  frame  that  holds  the 
Valve  which  is  movable  about  a  horizontal  axis  of  rotation,  of  which  the 
PositioQ  must  be  properly  determined  ;  then  we  must  be  able  to  open  or 
dose  a  small  valve  in  the  breech  of  this  turning- valve,  in  order  that 
Ae  water-pressure  may  keep  the  latter  open  or  shut,  as  the  dam-teuder 
■nay  wish.  All  these  complications  will  generally  present  more  annoy- 
ances than  advantages ;  they  might,  however,  be  useful  in  certain  special 
'^aies,  and  that  is  why  I  mention  them. 
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In  genersl,  automatic  valves  are  very  unreliable ;  grass  or  otUer  float- 
iiig  inatteiH  iutevlti*  with  tbeiv  movements,  and  when  they  do  not  work 
of  tbemselves,  we  are  frequently  very  -tnucli  embarrassed.  GrauCiiig 
even  tbat  tbey  work  with  absolute  certtduty,  either  hy  tbemselves  or  by 
lueaus  of  eoeks,  valvfs,  or  gearing  worked  from  the  shore,  tliey  only  do 
so  uutler  the  conditions  for  which  they  are  specially  designed,  and  if,  for 
iiiiy  reason,  we  wish  to  prevent  theiii  from  moving  under  these  couditioDS^ 
or  to  maneuver  them  under  others,  we  cannot  do  so,  aud  we  are  in  a 
grent  deal  of  embarrassment,  for  it  is  not  always  prudent  uor  even  pos- 
sible to  get  near  them  with  a  boat. 

The  experieuee  with  automatic  wiekets  on  the  weira  of  the  Upper 
Seine,  before  the  establishment  of  trestle  foot-bridges,  to  which  tbey 
are  attached  by  ehaius,  was  very  conclusive  on  this  point. 

The  dam  with  gates  aud  trestlu»  like  those  of  M.  Poir^  re<iuireB  no 
submerged  macliiuery ;  the  hoistiug-apparatusis,  on  the  contrary,  always 
accessible.  Hence  it  may  be  as  complicated  as  necessary  without  the 
slightest  iticonveuieuce;  in  case  ot  uecessity,  it  might  be  worked  by  a 
steam-engine  or  by  a  hydraulic  jack,  with  an  accumulator  placed  on  the 
shore,  in  which  the  pressure  would  be  stored,  as  at  the  He  BrultJe  dam, 
by  means  of  a  turbine  set  in  motiou  by  the  fall. 

Hence,  as  a  rule,  it  will  not  be  necessary  to  complicate  valves  in  order 
to  facilitate  maueavers,  although,  thanks  to  the  foot-bridge  and  t>  the 
small  size  of  the  gates,  these  complications  lose  many  of  Iheir  disad- 
vantages. 

If  these  improvements  can  be  of  use  in  certain  special  cases,  in  spite 
of  the  complications  tbey  involve,  we  can  generally  be  content  with 
simple  solid  panels,  aud,  in  the  generality  of  cases,  we  will  meet  every 
want  by  maneuvering  these  panels  when  place^l  above  each  other  iu 
horizontal  rows. 

5.  Dimemions  of  the  trestle*— h^ht  of  the  pools. 

No  one  disputes  that  what  has  thus  far  limited  the  height  of  trestle- 
dams  has  been  the  needles  only,  aud  not  the  trestles. 

ir  we  can  remove  the  needles  by  mechanical  means,  either  by  letting 
tbemescaiwall  along  a  bay,  as  is  done  on  the  Yonue,  theUeuse,  and  else- 
where, or  by  using  a  windlass  hi  a  boat,  as  on  the  Lower  Beine,  it  seems 
to  t>e  almost  impossible  to  put  them  in  place  otherwise  than  by  hand. 

The  maueuver  to  L>e  perlormetl  iu  putting  needles  in  place  requires 
complicated  motions  to  which  a  machine  could  hardly  be  atlapted,  and 
for  which  the  intelligent  strength  and  skill  of  a  man  are  required, 
and,  what  is  more  serious,  two  men  can  be  of  little  mutual  assistance  iu 
placing  a  needle;  the  dam-tender  must  be  strong  enough  to  do  it  by 
himself.  Furthermore,  it  does  not  seem  to  me  very  rational  to  try  to 
manenver  the  needles  by  a  machine  imitating  the  movements  of  the 
dam-tender.  Whenever  we  have  ba<l  occasion  to  do  work  meebanioally 
that  had  previously  be«M  doue  by  band,  we  have  been  obliged  to  change 
the  shape  of  the  tool  tbat  tbe  man  hud  used  and  to  make  the  machine 
work  iu  a  way  difiering  entirely  from  hand-work.  The  same  is  true  in 
the  present  instance,  and  it  seems  to  me  that  the  best  way  to  maneuver 
needles  mechanically  is  to  replace  them  by  gates. 

Now,  the  necessity  of  having  the  needles  handled  by  a  single  man 
gives  hut  a  very  small  limit  to  their  dimensions,  aud  consequently  to 
the  height  of  the  dams.  Thus,  the  maximum  height  of  M.  Poirige's 
dams  seems  to  he  nearly  reached  on   the  Lower  Seio^  at  UarCot, 
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Sureeoen,  &c.,  where  tbe  pool  riaes  to  0.S4  feet  above  the  silt ;  it  is  oer- 
tainly  reached  on  tbe  Mease,  where  this  height  ia  11.43  feet. 

Again,  these  heights  are  otil.v  reached  on  the  Meuse  by  meaos  of 
esca[)emeiitB,  aud  on  the  Lo^er  Seine  by  making  the  needles  bear 
against  the  points  of  support  by  tiieiius  of  tbe  iDt«r[nedisite  siistainiog 
or  relieving  bars  first  used  b.v  M.  Mariui  at  tbe  dams  of  Bezoiia  and 
Andressy.  But  the  handling  of  these  snatainiug-bars  is  very  tedious, 
difflcolt,  and  even  dangerous. 

Tbe  height  of  tbe  dams  of  MM.  Desfoiitaiues,  Girnnl,  aod  others,  ia 
still  more  limited.  As  to  M.  ChunoiDe's  dams,  besides  the  considerable 
complications  inherent  to  this  inj^enious  sys(«m,  the  horses,  the  props, 
andthe  wicketH  themselves  would  attain  disproportionate  dimensions, 
anil  their  weight  would  become  very  great  if  the  pool  exceeded  a  certain 
height.  However,  tbe  limit  of  height  that  dams  of  this  kind  can  reach 
hag  not  yet  been  attained  in  practice.  It  seems  that  it  can  exceed  13.12 
foet,  and  possibly  even  14.76  feet ;  but  the  cost  of  construction  increases 
very  rapidly  with  tbe  height  of  the  pool. 

Ill  a  dam  with  trestles  and  ranks  of  ordinary  gates,  it  seems  to  me 
demonstrated  by  what  precedes  that  tbe  height  of  tbe  pool  cannot  be 
limited  by  the  gates,  since  their  maneuvering  will  always  take  place  un- 
der very  nearly  the  same  conditions,  whatever  be  the  number  of  ranks 
that  we  may  have  to  place  on  top  of  each  other. 

Aa  to  the  trestles,  they  may  be  very  large  without  inconvenience. 
Those  at  Port  ii  I'Anglais  are  already  16.^0  feet  high  by  9.S4  feet  base, 
and  weigh  1,320  pounds  apiece.  They  are  handled  without  difficnlty  by 
means  of  a  light  windlass.  Experience  as  well  as  calculation  shows 
thftt  we  might  make  tbem  much  larger  yet. 

Bat  I  must  here  answer  an  objection  that  has  been  made  to  me  abont 
my  notice  of  the  Port  it,  I'Auglais  dam.  Some  engineers  have  doubted 
Kbether  it  conid  be  necessary  to  make  pools  of  more  than  13.13  feet  or 
U,76  feet  above  the  sill,  and  I  cannot  agree  with  them.  Since  movable 
dams  have  been  established — that  is,  since  the  almost  simultaneous  in- 
ventions of  M.  Tb6nard,  in  1831,  and  M.  Puin^e,  in  1834— tbe  height  of 
tbe  pools  of  these  dama,  as  they  were  successively  constructed,  has  al- 
ways been  increased,  and  1  think  we  are  still  quite  a  distance  from  tbe 
maximum  height  that  it  may  be  necessary  to  give  to  movable  dams. 

Up  to  the  present  time  the  height  of  the  pools,  and  consequently  the 
projects  for  slackwatering  rivers,  have  always  been  subordinated  to  tbe 
tind  of  dam  to  be  employed.  Tbuu,  in  1844,  M.  Sermet  prepared  the 
first  project  for  slackwatering  the  Upper  Seine  with  dams,  each  of 
which  raised  the  water  7.54  teet  above  the  sill.  Later,  M.  Cbanoiue 
changed  this  project  so  as  to  use  everywhere  a  style  of  dam  9.84  feet 
higb.  Tbe  same  very  nearly  uniform  height  of  1).84  feet  has  been  adopted 
on  the  Mnrne  and  the  Yonne.  Finally,  M.  Krantz  quite  recently  pub- 
lished (1871,  Mourocq,  rue  Suger,  Paris)  a  proji-ct  for  slackwatering 
the  Lower  Seine  by  means  of  duma  13.12  feet  high;  and  in  all  these 
plans  the  levels  of  the  pools  were  far  from  rising  to  the  height  of  the 
hanks.  On  page  t>l  of  tbe  memoir  just  mentioned,  M.  Krantz  explains 
that  tbe  banks  of  the  Seine  are  everywhere  3.28  feet  higher  than  the 
pools,  aud  that  it  would  be  easy  and  inexpensive  to  raise  this  height  to 
J.92  feet,  by  raising  some  low  parts  of  the  tow  paths  1.64  feet  higher, 
^ow,  it  api»eara  to  me  that  a  project  for  slackwatering  should  not  be 
subordinated  to  the  height  of  tbe  machines  for  closing  the  dama,  but 
that  other  m^re  important  considerations  should  determine  the  posi- 
tions and  heights  of  tbe  pools.  When  a  dam  is  built,  it  ia  evidently  a 
matter  of  great  importance  to  raise  the  water  as  high  aa  possible — that 
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is  to  eay,  to  the  level  of  the  basks — eren  tbongh  the  coHt  of  constroctiDg 
the  dam  should  be  macb  increased.  We  Hboiild  thas  reduce  the  number 
of  locks,  even  if  we  did  not  iucrease  the  draught  of  water ;  aud  thie  is 
very  important,  because  the  coDstruction,  nminteiiance,  aud  maueiireriug 
of  a  lock  is  always  much  wore  expensive  than  similar  work  od  a  dam. 
In  every  case  it  is  a  great  advantage  to  the  boating  interest  to  have  one 
lock  less  to  pass. 

So  far  as  the  Seine  is  concerned  from  Paris  to  Bonon,  an  increase  in 
the  de])th  of  water  offers  sach  an  inducement  that  the  attempt  n'ill  cer- 
tainly be  made  at  some  time  in  the  future  to  raise  the  pools  as  much  as 
the  level  of  the  banks  will  allow,  and  even  in  1827,  M.  Frimot,  in  a  very 
remarkable  paper  to  be  found  in  the  library  of  the  school  of  the  Fonts 
et  Chaumie»,  propoHed  to  give  the  Ijower  Seine  a  draught  of  ICJ  feet 
by  means  of  10  dams  with  locks  raising  the  water  to  the  level  of  the 
banks. 

In  fuel,  there  is  no  reason  for  not  raising  the  pools  of  great  rivers  to 
a  level  with  the  banks  as  is  done  on  small  streams  by  regulating  the 
water  powers,  and  on  a  river  of  steep  slope  and  revetted  banks  there 
might  be  a  necessity  for  establishing  movable  dams  of  very  great  height. 

Hence  I  think  that  it  would  be  very  useful  to  be  no  longer  limited  in 
the  construction  of  movable  dams  by  the  height  of  the  apparatus  for 
closing  them,  aud  I  think  that  a  dam  of  trestles  aud  ordinary  gates 
will  be  able  to  reach  all  necessary  heights. 

It  would  evidently  be  easy  to  raise  the  pools  verj'  high  with  quite 
smalt  apparatus,  by  placing  the  |>ermaneut  sole  above  low  water,  as  M. 
Th^nard  did  on  the  river  de  I'lsles;  but  this  solution  has  been  very 
justly  rejected  by  the  council  of  the  Ponte  et  Ghav»»4c8,  as  stated  by  M. 
Saint- Yves  in  his  article  of  1870,  (Annales,  November,  1870,  page  439.) 
and,  in  fact,  it  seems  necessary,  from  alt  points  of  view,  to  preserve  on 
the  sills  of  the  passes  of  the  dams  the  same  natural  depth  of  water  as 
on  the  bars  in  the  immediate  neighhorhooil. 

6.  Resistance  of  tke  trestles. 

It  is  easy  to  assure  ourselves  that  we  can  always  make  the  trestles 
sufBcieiitly  strong  to  support  a  very  high  iiool. 

A  trestle  is  a  straight  vertical  frame  embedded  at  its  base  and  sup- 
porting almost  horizontal  pressures.  The  resultant  of  these  pressures 
is  transmitted  to  the  jourual-boxes  at  the  base,  the  down-stream  one 
having  both  a  horizontal  thrust  and  a  vertical  pressure,  while  the  one 
np-streatn  mnst  resist  a  vertical  pull. 

The  down-stream  journal-box  aud  tbe  masonry  of  the  floor  wilt  always 
be  able  to  snstain  the  compression  to  which  they  are  expose<l,  whatever 
may  be  its  magnitude;  as  to  the  vertical  pull  on  the  up  stream  Journal- 
box  and  on  the  siti  to  which  it.  is  fastened,  we  can  always  redu<^  it  to  a 
suitable  amount  by  sufficieutly  lengthening  the  axle  of  tbe  trestle. 
Besides,  we  might,  by  properly  anchoring  the  sill  or  by  fastening  its 
journal-boxes  to  a  cast  or  plate  iron  beam  bedded  iu  the  floor,  allow  a 
greater  pul?  on  the  up-stream  journal  than  the  7,480  pounds  allowed  at 
Port  tl  I'Anglais,  which  has  been  shown  by  experience  to  be  uuolijectiou- 
able.  Finally,  it  will  lie  easy  to  greatly  dimiuish  the  pull  on  the  silt, 
witbont  disproportionately  increasing  the  base  of  the  trestle,  by  slightly 
inclining  its  up-stream  post,  and  the  gates  that  rest  u|>uq  it.  I  have 
shown,  in  the  report  on  the  new  Port  i^  I'Anglais  pass,  thai,  we  can  thus 
diminish  the  pull  on  the  sill  of  tbe  wickets  by  slightly  increasing  their 
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len^h  and  tbe  total  pressure  agaiost  them.  The  qaestion  here  is  exactly 
the  same. 

A  very  t^tmple  caiculation  shows  that,  to  completely  do  away  with  the 
vertical  pnll  uu  the  sill  of  the  trestles,  it  will  be  safficieut  to  iucliue  tbe 
gates  tbHt  they  aupport  at  an  angle  of  15  or  20  degrees,  aod  to  make  the 
base  of  tbe  trestle  very  nearly  as  long  as  it  is  high.  Moreover,  the  press- 
are  on  the  ilowD-stream  joarnal  diminishes  at  the  same  time  with  the 
[idU  on  the  up-stream  oue. 

Furtheiinore,  it  is  e^isy  to  show  by  calculation  that,  if  we  neglect  the 
projection  of  the  sill  above  the  base  of  the  trestles,  the  reaction  of  the 
poiuts  of  8u,iport  will  be  absolutely  the  same,  whether  the  pressure  of 
tile  water  be  spread  over  the  entire  height  of  the  trestle  by  means  of 
Btop-ptauks  or  gates,  or  ooe-thirfl  of  it  be  carried  by  ueedles  to  the  top 
or  tbe  trestle.  Taking  into  account  the  projection  of  the  sill,  the  points 
of  giip|K)rt  are  slightly  more  loaded  by  the  gates  than  by  needles,  but 
Se68  tlinn  if  the  sill  were  cut  down  to  the  level  of  the  journal-boxes,  and 
for  H  very  high  jtool  it  would  still  be  only  necessary  to  make  the  jour- 
nals of  the  trestles  quite  small. 

TbiH  would  not  l>e  the  case  with  the  axle,  and  we  should  have  to  give 
it  a  very  great  diameter  for  high  lifts,  if  we  continued  to  make  it  of 
roanit  iron,  like  the  ends  that  form  tlie  journals.  But  this  axle  is  a 
straight  beam  resting  on  two  points  of  support,  and  acted  on  by  two 
furees  applied  very  near  these  points,  where  the  up  and  down  stream; 
posts  joiu  it.  This  beam  will  always  ofifer  a  sufficient  resistance  if  we 
Diake  it  an  Z  beam,  aud  attach  journals  at  tbe  ends. 

As  to  the  upi>er  part  of  the  trestle,  it  might  be  made  lighter  if  it  were 
loaded  by  gates  than  if  it  supported  needles,  for  if  we  consider  any  hori- 
zontal section  of  the  trestle  aud  seek  its  bending  moment,  (except  at  the 
lerel  ot  the  lower  pool,  where  it  is  zero,  and  at  the  base  of  the  trestle, 
vhere  it  reaches  its  maximum,)  this  moment  will  always  be  less  if  the 
pool  1)6  formed  by  planks  or  gates  than  if  formed  by  needles,  and  for 
one  of  tbe  sections  the  moment  due  to  the  gates  may  only  be  the  oue- 
tliird  of  that  produced  by  needles. 

The  part  of  the  trestle  raised  above  tbe  upper  pool  to  lift  the  foot- 
bridge above  unforeseen  waves  may  be  very  light,  for  it  will  support 
no  water -pressure,  and  from  the  level  of  the  upper  pool  to  its  base  the 
tieatle  should  have  increasing  cross-sections.  Its  center  of  gravity  will 
itien  be  low  enough,  and  it  will  be  lower  with  gates  than  with  needles. 
Hence  we  shall  always  be  able  to  handle  it  with  quite  a  light  wiirdlasa, 
eveu  when  it  is  very  large  and  very  heavy,  because  the  lever-arm  of  the 
power  will  be  greater  just  as  the  weight  to  be  moved  increases. 

For  large  trestles  sustaining  gates  the  cross-bars  become  more  Im- 
IMrtaut  than  if  needles  are  used;  one  brace  will  no  longer  be  enough, 
Ui«t  tbe  trestles  wilt  have  to  approach  the  shape  of  lattice-girders ;  we 
6ball  also  have  to  use  bar-iron  of  special  shapes  in  order  to  obtain  as 
Eicitl  a  transverse  resistance  as  possible,  because  the  defect  of  very 
nigh  trestles  is  that  they  are  not  braced  across  the  current  between 
Uieir  top  and  bottom. 

For  this  last  reason  we  shall  have  to  build  trestles  like  those  on  the 
Sione  or  at  Port  it  I'Anglais,  with  U  or  I  iron,  and  r^ect  +  or  T  iron, 
»f  which  the  transverse  resistance  is  much  less. 

As  to  tbe  general  shape  of  tbe  trestle,  it  should  be  studied  for  each 
particular  case;  but  the  ordinary  shape  of  trestle  intended  to  support 
needles  would  no  longer  suit  for  a  tolerably  high  pool;  the  transverse 
ptrgsures  on  tbe  up-stream  post  developed  by  tbe  gates  would  tend  to 
^ke  it  bend.  It  is  true  that  the  honzontai  crosB-bare  would  oppose  this 
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change  of  shape,  but  tUey  would  do  il  by  making  traimvertte  pressures 
on  the  single  bmce  and  ou  tJie  downstream  post,  both  of  wUicb  would 
be  similarly  exposed  to  bending.  The  form  of  a  Saicit  Andrew's  cross, 
adopted  for  the  trestles  of  the  weirs  of  the  Upper  Seine  and  for  those 
at  Port  ^  1' Anglais,  would  no  longer  be  suitable,  for  it  wax  origiuatetl 
solely  by  the  necessity  of  sustaining  the  pressure  of  the  doirn-sireain 
wheels  of  the  maneuvering  wiudlass;  the  arm  of  this  croHs  leaning 
down-stream  would  assist  very  little  iu  resisting  the  pressure  of  the 
^tes,  and,  as  far  as  the  windlass  is  coucerued,  there  is  uo  need  of  carry- 
ing this  arm  down  to  the  base  of  the  trestle. 

For  these  reasons  I  think  that  the  most  simple  and  rational  shape  for 
trestles  intended  to  sustain  several  ranks  of  sliding  gates  would  be  that 
of  a  series  of  trapezoids,  one  above  tbe  other,  their  heights  being  the 
same  as  those  of  the  gates. 

Thus,  just  as  we  placed  several  gates  ou  top  of  each  other  to  form  the 
pool,  80  we  would  place  several  Poir^e  trestles  ou  top  of  each  other  to 
sustain  these  gates ;  the  top  trapezoid  alone,  situated  above  the  upper 
pool,  would  have  a  Saint  Andrew's  cross  to  auppurt  the  windlass,  and 
the  lower  trapezoids  would  have  but  a  simple  bra^^j. 

Fig.  4  of  the  plate  shows  this  arrangement;  and  as  it  forms  a  simple 
truss,  it  is  easy  to  calculate  the  resistance  of  the  different  parts  com- 
posing it :  L  C  being  the  level  of  the  upper  pool,  Q  E  and  E  (i  two  con- 
tiguous gates,  the  pressure  B  on  the  up|>er  gate  will  be  decomposed 
into  two  other  parallel  forces,  P,  applied  at  (J,  and  Q,  applied  at  E. 

If  a  be  the  angle,  6Up[)osed  equal,  between  both  postn  ami  the  verti- 
cal, fi  tbe  incliuatioD  of  the    brace  0  F,  tbe  force  P  will  produce 

a  pull  on  the  post  C  E  =  P  J^  J^J,]. 

and  a  compression  ou  the  brace 

OF 


in  {a  +  fi, 

At  the  point  F  the  pressure  of  the  brace  C  F  gives: 
A  pull  along  EF  =  P  , 


sill   (a  +  (3)  (JOS  a' 
A  compression  on  P  H  =  P  — 


sin  (a  +  fi)  cos  a 

Tbns  we  can  easily  calculate  tbe  dimensions  of  the  different  parts  of 
the  trapezoid  C  D  E  F,  iu  which  G  D  and  F  only  serve,  as  iu  tbe  top  tra- 
pezoid, to  support  the  foot-bridge  and  its  windlass. 

The  pressure  of  the  second  shutter,  E  G,  will  be  in  like  mauner  B',  and 
will  be  decomposed  into  two  parallel  forces,  P',  applied  at  E,  and  Q',  ap- 
plied at  G;  hence  we  shall  have  at  tbe  point  E  the  forces  Q  and  P'  and 
tbe  tension  EC  and  EF,  of  which  the  resultant  will  determine  tbe  ten- 
sion on  E  G-  and  the  compression  ou  E  B,  and  so  ou. 

We  may  remark  that  if  the  posts  of  the  trestle  were  vertical,  that  is, 

if  a  were  zero,  tbe  tension  on  the  post  EC  and  the  compression  on  tbe 

post  FH  would  be  equal  to  each  other  and  to 

P 

tan  j9' 

and  the  tension  on  the  cross-bar  E  F  would  be  equal  to  P,  and  as,  on  the 


other  hand,  the  forces  B  and  H'  would  be  horizontal,  we  should  have  a 
the  point  E  only  the  vertical  force 

P 

and  the  horizontal  force  R  -f-  F'.  Hence,  to  calcnlate  the  tension  on  E  G 
and  G  H  and  the  compression  on  the  brace  E  H,  it  would  be  sufficient  to 
transfer  parallel  to  itself  to  the  point  E  the  pressure  R  of  the  upper  gate. 
Finally,  by  inclining  the  up  and  down  stream  posts  from  the  vertical,  we 
reduce  to  a  certain  degree  the  strains  on  all  the  parts  of  the  trestle;  the 
tension  G  £  in  the  ratio  of 


tan  (a  +  ^)' 
the  comparison  G  F  in  the  ratio  of 

sin    ^    . 

8iu"(o  +  ^)' 

the  component  of  the  tension  E  F  normal  to  G  G  in  the  ratio  of 

8in   (.a  +  p)' 

Objections  may  be  taken  to  the  arrangement  Bfaowa  in  Fig.  4,  in  that  it 
does  notfumish'snfKcieut  transverse  resistance  when  raising  the  trestles 
St  the  horizontal  sections  adjacent  to  the  cross-bars,  but  this  defect  is 
easily  remedied  by  large  bracket- plates  set  at  the  junction  of  the  cross- 
bars and  of  the  braces  with  the  posts.  Still  it  may,  perhaps,  be  neces- 
sary for  very  high  trestles  for  this  reason,  and  also  that  the  braces  may 
not  be  too  much  loaded,  to  replace  the  truss  of  Fig.  1  by  a  regular  lat- 
ticse-truss,  arranged  as  in  Fig.  5  or  even  Fig.  6. 

If  we  adopt  these  arrangements,  the  calculation  will  be  more  difficult; 
it  will  even  be  indeterminate  on  account  of  the  connections  between  the 
pieces  which  cross  each  other ;  we  shall,  however,  be  able  to  make  it  by 
means  of  certain  hypotheses,  as  we  do  in  the  case  of  the  lattice-girders 
of  plate-iron  bridges.  In  this  ease  it  would  be  well,  in  order  not  to  cut 
the  crossing  pieces,  to  keep  tbei_J-or  H -iron  for  the  frame  and  for  the 
inclined  braces;  as  to  the  horizontal  crossbars,  which  are  under  a 
tensile  strain,  and  consequently  do  not  need  sncb  great  transverse 
resistance  as  the  pieces  under  compression,  they  might  be  made  of  two 
pieces  of  flat  iron  embracing  the  others,  like  double  binders.  Pig.  7. 

As  to  the  up-stream  post,  it  may  be  made  of  a  i i-iron,  on  which  could 

be  riveted  a  T-iron ;   this  T-iron  would  form  the  groove  to  receive 

the  gates,  and  it  would  overlap  laterally  the  i i-iron,  so  as  to  cover  the 

oonaectiDg  bracket  plates  of  the  cross-bars  and  their  rivets,  which  might 
interfere  with  the  sliding  of  the  gates,  (Fig.  7.) 

Finally,  a  greater  degree  of  stiffness  might  be  g^ven  to  the  braces 
by  making  them  of  two  channel-irons  placed  back  to  back,  as  at  Port 
4  I'Anglais,  and  setting  these  two  irons  a  little  apart  and  fastening 
them  together  here  and  there  by  rivets  running  though  sleeves,  (Fig.  8.) 

7.  Longit'udinal  bracing  between  the  conaeowtive  trettlea — Svbaeqmnt  raiting 
of  the  level  of  thepool. 

An  objection  can  be  made  against  using  trestles  of  great  height  that 
they  are  not  sufficiently  interbraced  in  a  direction  across  the  carrent,  for 


the;  are  on];  connected  at  top  and  bottom  by  the  foot-bridge  aad  the 
floor. 

By  substituting  gates  for  needles,  the  trestles  will  be  completely 
joined  together  on  the  np-stream  side  from  the  bottom  to  the  top.  We 
might  even  famish  the  down-stream  posts  with  slides  in  which  we 
could  let  down  gates  similar  to  those  used  at  the  up-stream  posts,  or 
simply  open-framed  gates;  the  interbraciug  would  then  be  complete 
on  the  don'n-stream  as  well  as  on  the  up-stream  side. 

This  armngement  would  amount  to  dividing  the  fall  into  two  parts, 
and  if  the  total  fall  weregreat,  we  should  this  diminish  the  scour  to  a 
certain  extent,  since  the  destrnctiTe  force  of  the  fall  would  be  deadened 
by  two  Buccessive  falls.  Besides,  by  employing  two  successive  sets  of 
gates  on  the  up  and  down  stream  sides  of  the  trestles,  we  would  cousid- 
erably  lessen  the  pressure  on  eanh  of  the  gates,  and  their  weights  and 
thicknesses  would  consequently  be  diminished,  and  maneuvering  would 
.  be  still  further  facilitated  by  his  expedient,  but  the  time  required  would 
probably  be  increased. 

A  similar  mode  of  dividing  the  fall  of  a  dam  by  two  successive  sets 
of  gati's  has  already  been  successfully  tried  at  the  contiguous  dams  of 
ChSiteau  Thierry  on  the  Marne,  where  M.  Jozon,  in  order  to  increase  the 
height  of  the  pools,  contented  liimself  with  placing  needles  agtiiitst  the 
trestles,  from  the  top  of  which  the  Chanoiue  wickets,  placed  ou  the 
dowQ'Stream  side,  are  maneuvered.  This  eugiueer  could  thus  use  very 
long  needles  without  unreasonably  increasing  their  sectional  area  and 
weight,  because,  thanks  to  the  wickets  below  them,  these  needles  only 
supported  a  small  part  of  the  head.  Moreover,  he  was  able  to  increase 
the  lilt  of  the  dams  without  changing  the  wickets,  because  tiie  trestles 
support  the  excess  of  head  that  the  wickets  could  not  have  held,  not 
having  been  made  for  that  pnrpose. 

This  example  of  the  Marne  shows  that  we  must  sometimes  increase 
the  height  of  a  dam  after  its  construction,  and  this  condition  has  in  fact 
already  occurred  several  times ;  a  good  many  dams  have  even  had  to  be 
entirely  rebuilt  for  this  reason,  particularly  the  dam  at  Bezons. 

The  dam  with  treaties  and  gates  presents  a  very  marked  advantage 
over  all  others  ftvm  this  stand-point ;  for  if  in  the  beginning  the  fouuda- 
tJons  have  been  laid  under  proper  conditions  of  stability,  and  if  the 
trestles  have  been  made  sufficiently  strong,  we  have  only  to  place  a  plank 
above  the  gates  in  order  to  increase  the  pool  proportionately  to  the 
necessities  that  may  subsequently  arise.  Even  if  we  should  afterward 
wish  to  greatly  heighten  a  dam  of  this  kind,  we  could  do  so  without 
very  great  expense,  since  it  would  be  sufficient  to  replace  the  trestles, 
and  the  old  ones  could  be  utilized  elsewhere. 

In  every  case  where  a  dam  is  built  of  which  the  pool  does  not  rise  to 
the  level  of  the  banks,  it  would  be  well  to  give  an  excess  of  strength  to 
the  trestles,  in  order  to  permit,  in  case  of  necessity,  the  temporary  or 
permanent  raising  of  the  pool. 

Chapteb  II. 

APPLICATION  TO  THE  DAM  AT  PORT  1   L'ANQLAIS— EXPBBDIBNTS. 

1.  Arrangements  adopted  for  the  experiments. 

General  arrangements. — The  mode  of  closing  movable  dams  described 
in  the  preceding  chapter  has  been  applied  as  an  experiment  to  the  deep- 
est pass  of  the  Port  4  PAnglais  dam,  and  for  this  it  was  sufficient  to 
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place  ordiDary  gates  against  tbe  trestles  supporting  tbe  service-bridge 
of  this  pass. 

Tbe  Port  &  1'Anglaia  pass  was  described  in  number  of  tbe  Annalea  for 
Augast,  18T3.  Plate  30  of  1873  sLows  the  arrangement  of  tbe  whole, 
aod  plate  21  shows  specially  tbe  navigable  pass  of  wbich  tbe  trestles 
DOW  support  the  sliding  gates ;  the  plate  accoui  panning  this  article  only 
reproduces  these  trestles,  and  shows  the  means  adopted  for  raising  and 
Betting  these  gates  in  place. 

1  Bbatl  merely  mentioD  that  tbe  new  pass  at  Fort  d,  I'Aoglais  has  a 
water-way  of  94.16  feet ;  it  is  closed  by  26  wickets,  of  M.  Cbaooine'a  sys- 
tem, which  are  maneuvered  by  a  windlass  running  on  a  foot-bridge  com- 
posed of  26  trestles. 

Tbe  level  of  tbe  upper  pool  is  constantly  kppt  at  12.47  feet  above  the 
sill,  and  sometimes  rises  to  13.45  feet;  the  fall  varies  with  tbe  natural 
height  of  the  Seine  below  the  dam ;  it  was  as  macb  as  10.20  feet  in  Sep- 
tember, -1874. 

Trestles. — The  trestles  are  16.58  feet  high  from  their  lower  journals  to 
the  foot-bridge,  10.17  feet  wide  at  the  base,  and  3,94  feet  at  the  top: 

they  are  3.61  feet  apart  from  axis  to  axis.    They  are  made  of  i liron  3^ 

base,  1/j  height,  and  ^  thickness.  Tbe  up-stream  post,  theretorc,  has 
a  fiat  face  3^  iucbes  wide,  on  whiih  the  two  gates  bave  a  bearing  of  l^j 
inches  at  the  ends,  leaving  a  play  between  theiu  of  ^^  inch.  The  breadch 
of  snpport  of  1^'j  iucbes  is  rather  small ;  still  no  trouble  hiis  thus  far 
resulted  from  it,  and,  moreover,  it  will  be  easy  to  make  tbe  trej^iles  a  tittle 
thicker  and  to  separate  tbe  adjoiuing  gates  by  riveting  a  T-iron  on  the 
front  part  of  the  up-stream  post,  as  I  bave  pointed  out  in  the  preceding 
chapter.  Lastly,  the  U-i-iron  on  which  the  gates  rest  has  on  it^  side  faces 
projections  caused  by  tbe  assembling  plates  or  brackets  of  the  cross- 
bars, and  by  rivets  which  are  of  snch  a  nature  as  to  interfere  with  tbe 
sliding  of  tbe  gates,  or  at  least  to  very  greatly  increase  the  friction  :  it 
would  be  easy  to  avoid  this  inconvenience  in  tbe  construction  of  another 
dam  by  making  the  T-iron  just  mentioned  overlap  tbe  uasembliug  plates 
and  their  rivets,  as  shown  in  Fig.  7  of  the  plate. 

Gates. — Three  gates  of  oak,  3.54  feet  wide  by  4.25  feet  high,  are  placed 
on  top  of  each  other  in  each  bay  included  between  two  adjacent  trestles, 
or,  iu  all,  81  gates  lor  the  27  bays.  This  system  of  gates  rises  to  12.79 
feet  above  the  sill,  or  to  0.33  foot  above  the  ordinary  level  of  tbe  pool, 
provided  that  the  entire  discharge  of  tbe  river  fiows  ordinarily  through 
the  spaces  included  between  the  swinging  wickets  which  close  the  other 
two  passes  of  the  dam. 

Bach  gate  is  composed  of  five  planks  3.54  feet  long  and  0.35  foot  wide, 
joined  by  a  double  groove  aud  false  tongue  of  sbeet-iron  and  stiffened  by 
two  T-irons  bolt«d  near  tbe  ends.  These  T-irons  are  4.26  feet  long,  and 
measure  4  inches  base,  IJ  inches  height,  and  |  inch  thick;  one  of  their 
angles  embraces  the  corresponding  angle  of  the  L-J-irou  of  tbe  trestle. 
When  the  gates  are  maneuvered  the  T-irons  form  slides  and  rub  against 
the  L_j-irou8  of  the  trestles ;  tbe  ends  of  the  former  are  slightly  curved, 
and  that  has  sufficed  to  prevent  them  from  catching  in  the  bracket- 
plates  of  the  cross- bars  of  tbe  trestles,  (figures  10  and  11.) 

The  gates  of  the  two  lower  ranks  are  3  inches  thick,  and  those  of 
the  upper  rank  only  2j  inches;  finally  a  certain  number  of  them  have 
iron  handles,  of  the  model  shown  in  the  drawing,  (figure  2.) 

Through  motives  of  economy  the  handle  has  been  omitted  on  the 
others,  and  replaced  by  an  iron  chain  fastened  immovably  to  tbe  gate 
at  one  end,  and  at  the  other  attached  to  tbe  service-bridge  or  to  the 


.Coot^le 
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tnanenvering  windlass.  Tbese  cfaains  were  lying  in  tbe  store-house  of 
the  dam,  and  their  employment  involved  no  expense. 

Through  the  same  motives  of  economy  tbe  T-iron  slides  have  been 
rpi>laced  by  oak  guides  on  a  certain  number  of  gates,  and  this  gives  no 
trouble,  provided  these  gates  are  maneuvered  when  the  fall  has  almost 
disappeared. 

Light  gates  at  the  top  of  the  pool. — On  the  other  hand,  instead  of  placing 
in  all  the  bays  three  gates,  made  uniformly  of  five  planks  0.85  foot  high, 
a  certain  nnmberof  gnteaof  the  middle  and  the  top  rank  had  the  planks 
redaced  to  fonr,  so  that  they  were  only  3,41  feet  high  instead  of  4.26 
feet,  and  the  closing  of  these  bays  was  completed  by  small  gates,  or  mere 
boards  0.8.^  foot  Or  l.TO  feet  high,  which  usually  sufficed  to  regulate  the 
pool  during  low  water. 

Theso  thin  little  gates  being  placed  at  the  top  of  the  dam,  the  lock- 
tender  very  easily  places  or  removes  them  by  hand  without  tbe  aid  of 
any  windlass,  but  he  is  oblighd  to  press  them  out  with  a  lever,  so  as 
to  mabe  them  clear  the  bolts  on  the  up-stream  side  of  the  trestles  that 
fasten  the  standards  of  the  hand-rail  of  the  foot-bridge.  These  bolts 
and  standards,  shown  in  Plal-e  21  of  1873,  but  omitted  in  the  plate 
hereto  annexed,  interfered  with  all  the  maneuvers  of  the  gates  in  the 
experiments  at  Fort  k  I'Anglais;  but  it  is  evident  that  they  could  also 
be  suppressed  by  moving  the  hand-rail  to  the  downstream  side. 

Hoisting-apparatus. — The  hoisting-apparatus  is  merely  the  windlass 
ordinarily  used  iu  maneuvering  the  wickets  below  the  trestles,  and 
which  was  shown  on  Plat«  21  of  1873.  To  this  windlass  is  attached  a 
small  gin  which  only  serves  to  hold,  raising  it  to  a  proper  height,  a 
guide-pulley  required  In  raising  the  gates.  Another  pulley  used  in  low- 
ering tbe  gates  to  the  bottom  is  fastened  to  tbe  gin  on  tbe  frame  of  the 
windlass.  Finally,  the  gin  has  a  small  crane,  by  means  of  which  the 
gates  are  taken,  when  raised  above  the  water,  carrietl  around  on  the  foot- 
bridge and  laid  on  the  little  service-wagon,  and  rice  versa.  This  little 
crane  obviates  the  necessity  of  turning  the  windlass  itself  on  the  bridge, 
because  that  wonld  have  required  its  being  replaced  by  a  new  crane  on 
a  vertical  pivot. 

The  arrangement  of  tbe  gin,  adopted  for  economy,  has  the  great  in- 
convenience of  obstrnctiug  circulation  on  the  bridge,  because  formerly 
we  could  pass  from  one  side  of  the  windlass  to  the  other  through  tbe 
space  now  occupied  by  the  gin  ;  but  this  now  closes  this  passage.  But 
it  is  evident  that  this  trouble  could  be  easily  remedied  by  turning 
the  windlass  end  for  end  and  placing  it  in  the  position  shown  iu  Pl»t« 
21  of  1873,  and  putting  the  gin,  or  rather  the  supports  of  the  upper 
guide-pnltey,  above  the  castiion  cheeks,  which  carry  the  windlass  and 
its  gearing.  This  arrangement  could  not  be  adopted  at  Port  k  I'Anglais, 
where  we  wished  to  use  the  windlass,  as  originally  made,  without  radi- 
cally changing  it ;  butthiscould  be  elsewhere;  and,  furthermore,  it  would 
be  very  easy  to  widen  the  footbridge,  which  is  very  narrow  at  Port  & 
I'Anglais,  even  should  we  have  to  do  so  by  means  of  corbels  fastened  to 
tbe  down-stream  posts  of  the  trestles. 

Cost  of  eomttruction. — The  sum  appropriated  for  constructing  the  gates 
intended  to  throw,  if  necessary,  on  the  trestle  at  Port  k  I'Anglais  the 
pressure  usually  sustained  by  the  Ofaanoine  wickets  established  below, 
was  flsed  at  $1,100  by  a  ministerial  decision  of  November  24, 1874,  and 
the  economical  measures  above  mentioned  have  enabled  as  not  to  over- 
run it. 

But  very  nearly  one-foartb  of  tbe  allotment  was  absorbed  by  a  oon- 
stntction  independent  of  the  gates  themselves.  .-.  , 
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Plates  20  and  21  of  1873  show  that  the  new  pass  is  separxted  from  the 
weir  by  two  ptcra,  between  wbieh  the  treaties  of  the  new  pass  fall.  To 
throw  on  thest*  trestles  the  water-pressure  supported  by  the  wickets,  it 
was  necessary  to  close  the  vacant  space  between  the  piers  by  oieaus  of 
a  larfie  fixed  barrier,  of  which  the  construction  and  placing  were  quite 
ilifllcnlt  and  troublesome,  becanae  the  maaonry  of  the  piers  was  not  ar- 
mnged  to  receive  it.  and  it  had  to  be  deflected  outward  toward  the  weir 
so  aa  to  allow  the  first  trestle  of  the  pass  to  fall.  The  presence  of  the 
float  of  the  iTeir,  projecting  into  the  space  to  be  closed,  further  com- 
plicated thisconstrnction. 

Kach  gate  of  4.26  feet  by  3.54  feet  and  3  inches  thick  is  composed  of 
396  fubir  feet  of  oak,  aud  96.8  pounds  of  iron  for  the  T-slitles,  the  bundle, 
the  sheet-iron  tongues,  and  the  bolts ;  hence  each  one  weighs  about  264 
(mands,  aud  costs  nearly  $12,  viz: 

3.9l!ciihic  fepi  of  wood,  nt  Jl.0-2  per  foot  $4  W 

96.'J  pounds  of  iron,  lit.  S0.(W2  nor  pound 7  94 

Totel 11  99 

Bighty-one  gate.i  of  this  size  were  needed  for  the  pass  at  Port  ft  I' An- 
glais, and  would  have  coat  altogether  897«..'{8,  if  all  these  gates  had  been 
huilt  on  the  most  expensive  model ;  adding  $28  for  the  gin  on  the  wind- 
liias.  we  reach  a  total  exiiense  of  about  $1,000,  or  for  01.16  running  feet 
110.63  per  foot. 

The  timber  and  iron-work  of  the  wickets,  trestles,  sills,  floor,  tripping- 
Rxis,  &c.,  of  this  new  pass  oost  in  1870  $11,975.85,  {AuTialg  1873,  2e 
Seme»tre,  p.  138;)  and  analyzing  this  amount  we  find  it  composed  of 
84,308.10  for  the  trestles  and  acces-sories,  or  $45.75  per  running  foot,  and 
of  $7,667.75,  or  $81.43  per  running  foot,  for  the  wicketa  aud  their  acces- 
sories. 

If  then  the  Chanoine  wickets  had  been  replaced  at  the  beginniog  by 
pbin  gates  resting  against,  the  trestles,  the  movable  apparatus  tor  closing 
would  hare  cost  only  $4-5.75  +  10.02  =a  $56.37,  iiistead  of  $45. 75 -J- 81.43  =a 
$127.18  per  running  toot,  giving  a  saving  of  $70.81  per  running  foot  for 
these  parts  alone. 

On  the  other  band,  leaving  out  cofferdams  and  pumping,  the  masonry 
and  earthworks  of  the  new  Port  ft  I'Anglais  pass  cost,  in  1871),  $7,856.10, 
{Annalu,  2e  Semtstre,  187.3,  p.  138,)  or  $83.43  per  running  foot.  Now, 
the  existence  of  both  trestles  and  wickets  has  required  the  floor  to  be 
52.59  feet  wide,  measured  in  tlie  direction  of  the  current,  and  if  we 
uotice  that  of  Iliis  width  21.32  feet  around  and  about  the  wickets  had 
to  be  of  cut  stone,  it  will  readily  bo  seen  that  by  suppressing  tliem  we 
could  Iiave  reduced  the  width  of  tlie  floor  aud  aaved  at  least  one-fourth 
of  the  cost  of  the  masonry,  or  $20.86  per  running  foot.  VVe  should  thus 
have  had  a  total  saving  of  $70.81  -|-  20.86=:  $91.67  per  running  foot;  that 
is,  nearly  30  i«ir  cent,  of  the  total  cost,  which  reached  $314.09  per  runuing 
foot. 

Hence  we  arc  justified  in  believing  that  if  we  were  to  adopt  the  oew 
system,  instead  of  the  one  used  in  1870  at  Port  ft  I'Anglais,  to  close  a 
dam  like  that  of  Port-Villez,  whose  length  is  394  feet,  all  other  things 
being  supposed  to  be  equal,  we  would  realize  a  saving  on  this  structure 
of  alK)nt  $.'^6,000. 

Finally,  we  may  remark  that  the  new  Port  ft,  I'Anglais  pass  having 
cost  $314.09  per  rnnning  foot,  if  we  subtract  $91.67  from  this  amount, 
ve  have  a  remainder  of  about  $222.  Now,  the  cost  of  constructing  the 
12  dams  of  the  Upper  Seine,  between  Montereau  and  P.iris,  gives  as  a 
mean,  per  running  foot  of  pass  dosed  by  wickets  9.84  feet  high,  $187.18, 
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[Annals  \S68,  2e  Semixtre,  page  408;)  beiice  tlie  new  iiiod^  of  closing 
allows  us  to  hftve  13.12  feet  of  l>iickwAter  inHtend  of  !>.84  feef,  at  an 
average  increase  of  cost  of  t35  per  niuiiing  foot,  or  only  one-ttftb. 

3.  Experiment. 

Nature  of  the  experiments.— it  was  not  possible,  in  tlie  experiments  at 
Port  ^  I'Anglais,  to  maneuver  the  gates  in  tlie  tugical  tind  rational  order 
given  iu  paragraph  2  of  the  first  chapter,  iind  to  take  up  or  rephice  alt 
those  in  the  same  horizontal  row  before  passing  to  the  next,  so  as  only 
to  work  with  small  falls,  because  the  ciicnlation  of  boats  is  much  too 
active  iu  the  two  levels  separated  by  the  dam  to  allow  their  respective 
levels  to  lie  changed.  The  operaiious  could  onl.v  be  comlucted  in  this 
way  at  the  time  of  the  general  maneuvers  of  the  dam,  wiii<;h  nowadays 
are  very  rate.  Hence  we  were  obliged,  iu  tbeae  experiments,  to  Uike 
up  and  then  replace  the  three  gatca  of  a  vertical  section  between  two 
adjacent  trestles,  and  although  we  were  thus  placed  uuder  very  disad- 
vantageous circnmstauces,  quite  different  from  those  of  nctual  service, 
oud  the  arraugeiiient  of  the  trestles  and  the  windlass  were  imperfect, 
this  maneuver  has  been  freqnently  i»erformed  without  difficulty  under 
a  very  heavy  fall ;  the  experiment  is  therefore  only  the  more  conclusive. 

This  maneuver  was  performed,  especially  April  3, 187o,  before  M.  0am- 
brozat,  inspector  of  the  divisiou,  and  MM.  Leforme  an<)  RuuKenI,  chief 
eDgineers,  with  I'JAO  feet  depth  of  water  in  the  upper  pool  and  4.8J  feet 
iu  the  lower,  and  cotisequently  under  a  fall  of  7.53  feet;  ou  April  9, 
before  MM.  Kleitz,  Kolh,  Onieff,  Chatouey,  and  Duverger,  ius[>ectors- 
general,  with  12.40  feet  iu  the  upper  pool  and  4.23  feet  iu  the  lower,  aud 
a  fall  of  S.n  feet;  finally,  on  the  4th  of  May,  before  several  inspectors 
aud  engineers  and  students  of  the  £coIe  des  Pouts  et  Ohaussees. 

When  this  last  experiment  was  tried,  a  certain  number  of  joint  covers 
were  in  place,  over  the  intervals  between  the  wickets  below  the  trestles, 
so  that  the  water  rose  between  the  gates  of  the  trestles  and  the  wickets 
as  the  gates  were  taken  out.  All  the  gates  being  placed  against  the 
trestles,  the  water  rose  to  12.40  feet  on  the  upper  sill,  to  5.25  feet 
between  the  gates  aud  the  wickets,  aud  to  3.71  feet  below  the  latter; 
but  when  the  three  gates  of  a  bay  were  reuioved  the  water  ri>,se  to  C.50 
feet  on  the  up-stream  aide  of  the  wickets,  aud  thmv  was  only  .'i.84  feet 
fall  when  the  bottom  gate  was  returned  tu  its  place.  On  the  3d  and  Oth 
of  April  there  were  uo  joint-covers  ou  the  wickets,  aud  [lie  level  varied 
very  little  below  the  trestles. 

Tills  observation  already  shows  that  the  dam  with  the  trestles  is  much 
tighter  than  that  formed  below  by  the  wickets,  and  iu  fact,  when  the 
gates  are  pro[>eriy  put  iu  place,  the  leakage  is  very  small. 

When  all  the  gates  are  placed  against  the  trestles,  the  water  falls  at 
once  between  them  and  the  wickets.  On  the  3d  of  April  there  was  a 
diftenmce  of  level  of  ouly  4  inches  between  the  upper  aud  lower  side  of 
the  wickets,  while  the  gates  supported  a  head  of  7.54  feet ;  on  the  i)th 
of  April  the  same  falls  were  0.43  foot  for  the  wickets  and  8.11  feet  for 
the  gates;  finally,  on  the  4th  of  May,  when  a  bay,3.CL  feet  wiile,  had 
beeu  removed  for  a  height  of  12.40  feet,  and  a  certain  number  of  joint- 
covers  were  over  the  spaces  between  the  wickets,  tbe  gates  supported  a 
fall  of  5.77  feet  and  tbe  wicketa  only  2.85  feet. 

Baiaing  the  gates. — Figures  1  and  2  of  the  plate  show  the  raising  of  a 
gate.  If  it  be  supplied  with  a  chain,  the  lock-tender  hooks  it  to  tbe 
chain  passing  over  the  up^ier  pulley  of  the  gin ;  if,  on  the  contrary,  the 
gate  has  merely  a  Iiaudle,  the  lock-tender  books  the  chain  of  the  wind- 
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lass  to  the  socket  of  bis  m^Qeuveriag  staff;  tbeii  he  tlirovs  it  ap-stream 
so  that  it  may  rest  agaiost  the  gate;  he  then  raises  the  staff,  of  which 
tbe  hook  comes  against  the  handle,  aod,  by  reason  of  the  shape  of  the 
latt«r,  fastens  itself  thereto. 

It  is  safBcient  to  work  the  windlass  antil  the  gate  is  raised  jast  clear 
of  the  water ;  it  is  then  taken  by  the  tackle  attached  to  the  small  crane, 
and  on  taming  the  latter  the  gate  is  lowered  either  to  the  bridge  or  on 
a  small  transjKirtiDg  wagon. 

Patting  the  gates  in  place. — To  pnt  a  gate  in  place  it  is  broaght  to  the 
windlass  on  the  little  wagon ;  it  is  then  raised  with  tbe  tackle  of  tbe 
crane ;  tbe  latter  is  then  turned  and  tbe  gate  is  lowered  against  the 
trestles  by  its  own  weight  antil  it  is  more  than  half  submerged,  and 
the  pressure  of  tbe  water  prevents  it  from  sinking  farther.  If  it  be  a 
gate  of  the  upper  rank,  it  is  sufKcient  for  the  lock-tender  to  bear  down 
on  it  with  his  foot  to  place  it  in  contact  with  the  gate  of  the  second  rank. 
For  the  bottom  gates  a  rod  or  wooden  staff  is  used,  having  a  fork  at  the 
end  that  will  embrace  the  gates,  and  to  the  upper  end  of  this  staff  the 
chain  of  the  windlass  is  fixed  after  passing  it  around  tbe  lower  gnide- 
pulley,  as  shown  by  Figure  3. 

It  is  then  snthcient  to  work  the  windlass  to  make  the  gate  descend 
under  the  water,  and  it  is  known  that  it  has  reached  bottom  when  a 
mark  on  the  staff  comes  flush  with  the  bridge. 

In  the  drawing  the  staff  seems  to  be  unguided  in  itsmotions ;  in  reality 
it  leans  a  little  down-atream,  and  rests  saccessively  on  tbe  different) 
transoms  of  tbe  gin,  and  as  that  causes  a  good  deal  of  friction,  it  would 
be  welt  to  support  it  on  rollers  attached  to  the  gin. 

Varioue  arrangemeate  of  the  windlaas, — ^Tbis  result  might  be  easily  ob- 
tained by  replacing  the  gin  by  a  pair  of  guides  like  those  of  a  pile-driver, 
and  set  in  the  same  plane  as  the  up-stream  face  of  tbe  treaties,  and 
vliich  would  act  to  guide  the  staff  intended  to  push  down  tbe  gates. 

In  order  that  the  pressure  on  the  gates  may  be  always  normal  to  their 
breadth,  and  that  they  may  not  lean  toward  either  trestle,  thus  greatly 
increasing  the  friction,  we  might  use  two  parallel  staves  connected  by 
transoms  like  a  ladder;  each  of  these  staves  would  be  directed  by  one 
of  the  guides.  Besides,  we  might  place  at  the  foot  of  the  ladder  a  longer 
transom  resting  on  the  two  adjacent  treaties  like  the  gates  themselves, 
HUd  this  transom  might  have  a  snap-book  which  would  catch  by  itself 
iu  the  handle  of  the  gate  to  be  moved. 

The  ladder  would  thus  serve  to  raise  as  well  as  to  send  down  the 
gates;  the  snap-book  could  be  movable  and  taken  out  when  a  gate  is  to  be 
sent  down.  Furthermore,  the  ladder  might  be  maneuvered  either  by  a 
chain  passing  at  one  time  over  the  upper  pulley  and  at  another  over  the 
luirer,  or  else  by  means  of  a  rack  fastened  to  the  ladder  and  gearing  into 
one  of  the  pinions  of  the  windlass.  It  would  be  easy  to  throw  this  rack 
or  the  windlass  itself  out  of  gear,  if  we  wished  to  use  tbe  ladder  as  a 
ram  to  strike  upon  the  gates  and  to  send  them  down  more  rapidly.  But 
these  blows  might  cause  trouble,  and  it  would  be  well  in  this  case  to  let 
the  maneuvering  ladder  fall  from  only  a  small  height  at  each  blow. 

Finally,  as  the  gearing  nses  np  a  great  deal  of  power  in  friction,  it 
might  be  replaced  by  a  small  hand-pump,  and  a  hydranlio  jack,  placed 
betn-eeii  the  guides,  would  take  the  place  of  the  rack.  The  stroke  of 
this  jack  might  be  short,  or  about  equal  to  the  height  of  the  gate ;  the 
mnnds  that  join  the  two  uprights  of  the  ladder  would  be  replaced  by 
bolts  or  movable  keys,  and  their  distances  apart  wonld  be  equal  to  tbe 
stroke  of  the  piston.  One  of  these  keys  woald  pass  through  both  the 
uprights  of  the  ladder  and  the  piston  of  the  Jack,  and  when  the  latter, 
AP.B— 5  ..  I   C  .0<>glc 
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had  reached  the  end  of  itt)  stroke  it  70uld  be  run  back  to  the  next  key; 
the  gate,  during  this  change,  would  evidently  be  held  immovable  against 
tbe  trestles  by  the  mere  pressure  of  the  water. 

We  will  remark  in  this  connection  that  the  gatea,  being  always  in 
Btable  equilibrio  against  the  trestles,  will  never  caaae  any  of  the  dangers 
to  the  lock-tenders  that  are  incident  to  Foir^e  needles  and  Chanoiae 
wicketa.  The  latter,  on  the  contrary,  leave  tbeir  supports  suddenly 
during  the  maneuvers,  and  if  the  lock-tender  be  lacking  in  attention  or 
skill,  or  does  anything  imprudent,  he  receives  a  violent  shock  and  is 
sometimes  thrown  into  tbe  river;  notbiug  of  this  kind  is  to  be  feared 
with  gates  which  are  always  in  equilibrium  on  their  slides,  so  long  as 
they  are  under  water. 

Length  of  the  maneuvers. — We  noted  thp  time  required  in  maueuver- 
ing  tbe  gates  during  the  various  experiments,  and  the  result,  as  might 
be  expected,  was  very  uearly  the  same  for  raising  as  for  lowering  the 
gates.  From  2  to  3  minutes  was  required  to  raise  a  gate  3.54  feet  >; 
4.26  feet  =  15.07  square  feet  of  the  top  rank.  The  maneuvring  of  the 
lower  gntes  was  much  longer,  as  it  had  to  be  x>erformed  at  Port-a-l'An- 
glaig,  under  the  total  full  of  the  dam;  it  required  5  to  6  minutes  for  a 
gate  in  the  Becond  rank,  and  from  S  to  10  minutes  for  one  in  the  bottom 
rank  under  a  heavy  fall;  but  this  last  maneuver  is  very  rarely  neces- 
sary in  practice.  On  the  coutrary,  we  remarked  in  the  first  chapter 
that  the  gates  in  the  lowest  rank  have  the  least  pressure  agaiust  them 
when  it  comes  tbeir  turn  to  be  moved. 

Be  that  as  it  may,  we  see  that  we  may  open  or  close  in  15  to  19  min- 
utes at  most,  a  hay  iu  the  dam  of  12.47  feet  x  3.54  feet  =  44,14  square 
feet.  At  Suresnes  100  to  120  needles  are  taken  out  or  replaced  iu  an 
hour,  or  2  needles  per  minute,  aud  the  water-way  ie  thus  made  to  change 
9.84  feet  x  O.GC  foot  =  6.16  square  feet  per  minute.  Tbe  maneuvering 
of  the  gates  of  the  upper  rank  at  Port-d-l'Auglais  thus  gives  about  the 
same  water-way  per  minute  aa  the  maneuvering  of  the  needles  at  Su- 
resnes. As  to  maneuvering  tbe  gates  of  the  lowest  rank  as  was  done 
during  the  experiment  at  Port-^-1'Anglais,  it  cannot  be  compared  with 
that  of  needles,  because  the  latter  have  never,  to  my  knowledge,  been 
maneuvered  with  a  depth  of  pool  of  12.47  feet  and  a  fall  of  more  than 
G.56  feet. 

The  wickets,  9.84  feet  in  height,  of  the  navigable  passes  of  the  Upper 
Seine,  fall  almost  instantaneously  by  means  of  the  tripping-rod,  but  10 
minutes  on  an  average  ia  required  to  raise  one  with  the  maneuvering- 
boat,  and  to  reduce  the  water-way  by  9.84  feet  x  3.94  feet  =  38.77 
square  feet;  it  must  also  be  noticed  that  they  can  only  be  raised  when 
the  fall  is  small.  It  would  be  altogether  impossible  to  raise  a  Chanoine 
wicket  nnder  the  entire  Ml  of  tbe  dam,  a^  is  done  with  the  gates  at 
Port-ii-l'Anglais.  It  ean  only  be  done  by  hrst  covering  the  position  of 
the  wicket  by  a  temporary  timber  screen  or  scaffolding,  and  that  re- 
quires, relatively,  a  great  deal  of  time,  generally  several  houre. 

Perhaps  the  conclusion  will  be  formed  from  these  experiments  that  the 
handling  of  the  sUding-gates  is  too  slow,  and  that  this  is  a  defect  of  the 
system,  but  that  it  might  be  lessened.  A  man  working  at  a  windlass 
can  only  gain  power  at  the  expense  of  speed,  and  that  is  why  we  have 
mentioned  the  possibility  of  replacing  the  wiudlasB  by  a  hydraulic  jack. 

The  jack  la  generally  a  very  slow  tool,  because  only  one  man  acts  at 
the  pump ;  but  it  will  be  noticed  that  this  pump  will  only  act  intermit- 
tently during  the  maneuvers,  and  if  we  place  a  pressure-reservoir  or 
accumulator  alongside,  we  can  work  Bteadily  at  the  pump  aud  then  ex- 
pend in  one  minute,  at  the  instant  of  milueuvering  a  gate,  the  power 
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accamulated  during  tbe  2  or  3  minutes  in  vhicb  tbe  windlass  was  at 
rest  for  hitching  to  or  unhitching  from  the  gate,  &c,  and  I  think  that 
the  maneavers  will  be  greatly  hastened  in  this  way. 

We  might  add  that  there  are  now  to  be  found  almost  everywhere  small 
eteam-windlasaes  combiDing  great  speed  with  gi-eat  power,  and  which 
take  up  scarcely  any  more  space  than  the  hoisting  apparatus  now  used 
ffbich  is  shown  in  the  plate,  and  that  the  motive  power  famished  by  a 
steam-eogiue  is  certainly  more  ecouomical  tbau  that  generated  by  men 
trorkiog  at  a  windlass.  But  I  do  not  think  tbat  these  complications 
Rill  be  necessary  except  in  special  cases,  for  I  have  already  stated  that 
we  need  never  be  in  a  great  hurry  itbout  maneuvering  a  dam  made  of 
trestles  and  gates,  since  only  a  small  palt  will  be  maneuvered  at  a  time. 

On  the  other  hand  we  shall  only  have  to  vary  the  water-way  in  pro- 
portion to  the  changes  in  the  discharge  of  tbe  river,  and  on  the  other 
band  the  overflow  of  the  water  throughout  the  length  of  tbe  dam  will 
give  a  wide  margin  for  tbe  duration  of  the  maneuvers. 

The  removal  of  a  gate  of  4.26  teet  from  the  top  rank  of  a  dam  causes 
an  increase  iu  discbarge  of  at  least  91.93  cubic  feet  per  second ;  taking 
away  tbe  first  rank  of  gates  will  consequently  increase  the  discharge 
per  second  by  91.93  cubic  feet  in  2  minutes,  or  by  more  than  2,700  cubic 
feet  in  an  hour;  it  is  not  probable  that  tbe  discharge  of  the  river  will 
increase  so  rapidly,  and  besides,  if  that  did  happen,  tbe  discharge  by 
overflow  throughout  the  entire  length  of  the  dam  would  also  increase 
and  the  pool  would  only  rise  very  slowly. 

By  afterward  raising  the  gates  of  tbe  second  rank  4.26  feet  high,  we 
sball,  in  8  or  10  minutes,  increase  the  discharge  per  second  by  at  least 
17j  cubic  ffeet,  if  this  gate  be  not  under  wattr  from  below.  The  total 
discharge  will  then  be  nearly  62.67  cubic  feet  per  running  foot  of  dain 
aft«r  taking  out  the  second  rant£  of  gates;  it  is  evident  that  the  fall  will 
almost  entirely  disappear,  and  tbat  we  will  have  all  the  time  needed 
to  proceed  to  the  raising  of  the  third  rank ;  besides  it  is  very  probable 
tbat  this  last  maneuver  will  not  l>e  immediately  necessary.  Further- 
more, if  tbe  discharge  of.the  river  increases  so  fast,  the  fall  of  tbe  dam 
"ill  rapidly  diminish,  and  the  maneuvering  of  tbe  middle  and  bottom 
ranks  of  gates  will  be  quicker  than  it  could  be  at  Port  4 1' Anglais  under 
a  fall  of  more  than  6.56  feet.  Finally,  if  we  have  to  deal  with  such 
large  discharges,  the  length  of  the  dam  will  be  very  great  and  we  can 
then  use  two  seta  of  hoisting  apparatus  and  employ  two  crews  to  work 
them. 

Frwtion  of  the  gates  on  tlie  trestles. — Some  experiments  were  made  to 
determine,  by  means  of  a  dynamometer,  the  value  of  the  effort  required 
to  raise  the  gates.  For  this  purpose  we  used  a  Siguier  dial  dynamom- 
eter, belonging  to  the  ficole  des  Fonts  et  Chaossdes,  by  setting  it  be- 
tween two  links  of  tbe  chain  used  for  raising  tbe  gates.  But  iu  order 
not  to  overload  this  instrument,  the  chain  coming  from  the  upper  pulley 
of  the  gin  (flgnre  1)  was  rove  through  a  movable  block.  Tbe  gate  to  be 
lifted  was  then  fastened  to  tbe  shell  of  this  block,  and  the  end  of  the 
itind lass  chain  after  passing  around  this  block  was  made  fast  to  tbe 
apright  of  the  gin;  the  dynamometer  placed  near  this  fixed  point 
remained  immovable,  and  it  could  always  be  observed  with  ease,  and 
its  indications  gave  half  tbe  force  used  on  the  gate.  In  spite  of  this 
arrangement  strong  pulls  could  not  be  tried  without  danger  to  the 
dynamometer,  and  thus  we  only  experimented  on  small  falls. 

I  shall  mention  only  three  of  the  esperiments  made,  one  for  each 
rank  of  gates,  selecting  thoe^  which  were  made  under  tbe  greatest 
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1st.  Gate  of  the  upper  rank. — Tlie  water  stood,  at  the  time  of  the  ex- 
periment, 12.53  feet  above  tbe  sill,  or  i  feet  above  the  bottom  of  the 
gate  in  tiand,  which  was  out  of  water  oa  the  downstream  side ;  tbe 
hydrostatic  pressure  against  this  gate,  3.54  feet  wide,  was,  therefore, 

03.5  poonda  ^  x  3.54  feet  =  1770  pounds. 

Tbe  dynamometer  marked  an  initial  force  of  990  pounds,  which 
rapidly  diminished ;  the  weight  of  the  gate  was  264  pounds;  tbe  resist- 
ance due  to  friction  was  726  pounds,  and  the  coefficient  of  fHction, 

-72«=o.41. 
1770 

2d.  Gate  of  the  second  rank. — The  water  stood  at  12.50  feet  in  tbe 
upper  pool,  and  at  6.07  feet  in  tbe  lower  pool  above  tbe  sill,  or  at  S.23 
feet  in  the  upper  pool,  and  1.80  feet  in  the  lower  pool  above  the  bottom  of 
the  gate  experimented  on ;  this  gate  being  4.26  feet  high  and  3.54  feet 
wide,  supported  a  hydrostatic  pressure  ot— 
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12.5  pounds  X  3.54  [-(8-23 -4.26)  + (a23_-lj0)^^,^  _  ^  ^^ 
+  (S.23  -  1.80)  X  LSol  =  5391.25  pounds. 

The  dynamometer  oscillated  from  2,508  to  2,860  pounds  in  raising  tbe 
gate  0.30  foot,  the  effort  due  to  the  friction  was,  consequently,  at  tbe 
outside,  2860  —  264  =  2596  pounds,  tbe  gate  weighing  264  pounds ; 
hence  we  find  tbe  coefBcient  of  friction, 


3d.  Gate  of  the  loicest  rank. — The  water  stood  at  12.47  feet  in  tbe  upper 
pool  and  6.56  feet  in  tbe  lower  pool  above  the  sill  o'rthebottom  of  tbe  gate, 
hence  the  fall  was  5.91  feet  and  the  gtite  was  completely  submerged  in 
tbe  lower  pool ;  hence  it  sustiviued  a  hydrostatic  prcissure  of  62.5  pounds 
X  2.54  X  6.S1  X  4.26=5670.33  pounds. 

The  dynamometer  oscillated  from  2,73S  to  3,212  pounds  in  raising  the 
gate  3.04  feet,  besides  there  was  a  shock  at  a  certain  moment  which 
marked  on  tbe  dynamometer  4,092  pounds;  but  I  think  that  this  figure 
should  not  be  considered,  because  this  waa  due  to  the  gate  encountering 
a  bracket-place  of  the  crossbars  of  the  trestle.  Subtracting  the  weight 
of  tbe  gate  from  3,312  pounds  we  tind  2,948  pounds,  and  tor  the  coeffi- 
cient of  friction 


Thus  in  spite  of  tbe  defective  conditions  of  the  experiment,  in  which 
the  projections  ou  the  face  of  the  trestles  considerably  increased  the 
friction,  the  ratio  of  tbe  forces  required  to  move  the  gates  to  the  hydro- 
static pressure  on  them  diil  not  rise  above  53  per  cent.  Furthermore  it 
is  impossible  to  deduce  from  ibeni  the  coefficient  of  friction  because  tbe 
pressure  on  the  gates  due  to  the  velocity  of  the  current  is  altogether 
unknown. 
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To  som  up,  the  experiments  made  at  Port  Jl  I'Anglais  have  entirely 
confirmed  our  anticipations,  and  the  dam  with  trestles  and  ordinary 
eliding  gates  realizes  the  following  conditions: 

1st.  It  is  much  more  simple  than  the  dam  with  morable  wickets 
named  after  M.  Chanoine;  it  will  allow  the  pools  to  be  raised  mach 
higher,  and  erea  to  the  level  of  the  banks  of  the  river,  at  a  mach  less 
first  cost  per  running  foot  of  navigable  pass. 

2d.  As  the  operation  of  closing  only  requires  that  the  water  shall  be 
allowed  to  How  over  a  weir,  with  a  movable  apparatus  for  closing  it,  dur- 
ing the  placing  of  the  last  gates,  the  linear  water-way  of  the  dam  may 
be  rednced,  provided  that  the  total  section  snfBces  for  the  passage  of 
floods,  and  in  the  greater  number  of  cases  there  will  be  found  an  addi- 
tional saving  in  first  cost. 

3d.  The  maintenance  will  be  much  easier  and  less  espensire  than  that 
of  dams  with  movable  wickets  always  under  water. 

4th.  For  the  same  height  of  pool  the  first  cost  will  be  very  nearly  the 
same  as  for  the  trestle  and  needle  dams  of  SI.  Poir^e. 

5th.  The  pool  can  be  raised  much  higher  with  gates  than  with  needles, 
and  the  first  cost  will  not  increase  too  rapidly  with  the  depth  of  the 
pool. 

6th.  The  ser\-ice- bridge  can  be  raised  safBciently  high  above  the 
upper  pool  not  to  be  covered  by  an  unexpected  flood,  and  there  will 
never  be  any  danger  of  not  being  able  to  open  the  dam  in  time,  no  mat- 
ter how  long  the  maueuver  may  require. 

Ttb.  The  water  flowing  over  the  entire  length  of  the  dam,  as  with  M. 
Chanoine's  wickets,  we  can  do  away  with  the  long  and  expensive  fixed 
weir  which  must  accompany  needle-dams,  and  hence  we  shall  find  a 
great  saving  in  first  cost^  at  the  same  time  with  greater  security. 

8th,  We  can  always  repralate,  as  with  needles,  the  water-way  of  the 
dam  in  proportion  to  the  discharge  of  the  river,  and  we  shall  never  be 
obliged  to  open  or  close  the  entire  dam  rapidly,  at  the  risk  of  creating 
a  hortfui  wave  or  lack  of  water  in  the  pools  below. 

9th.  It  will  be  very  easy  to  calculate  at  any  moment  the  discharge 
from  the  overflow  across  the  crest  of  the  dam,  and  to  telegraph  to  the 
dam-tenders  below  the  maneuvers  that  they  must  perform. 

lOtb.  The  discharge  of  the  water  being  spread  uniformly  over  the 
entire  breadth  of  the  river,  eddies  will  be  less  troublesome ;  and  the 
same  will  be  probably  true  of  scours. 

11th.  The  overflow  along  the  entire  breadth  of  the  river  will  maintain 
in  the  upper  pool  a  surface  current  that  will  carry  off  all  the  floating 
refuse  that  generally  collects  just  above  the  needles  of  a  PoinSe  dam. 

12th.  When  a  dam  is  partly  or  wholly  open,  it  will  not  be  necessary 
to  wait  to  close  it  until  the  level  of  the  river  shall  have  come  down  to  a 
given  mark,  to  the  prejudice  of  navigation  and  of  factories  situated  on 
tbe  upper  pool,  as  is  generally  the  case  with  other  kinds  of  dams.  We 
shall,  on  the  contrary,  be  able  to  keep  the  upper  pool  at  an  invariable 
level  without  letting  it  fall  or  rise,  except  in  time  of  floods,  when  the 
dam,  entirely  open,  produces  no  more  efi'ect  than  if  it  did  not  exist. 

13th.  The  dam  will  be  as  tight  as  possible  during  low-water,  and 
almost  the  entire  discharge  of  the  river  may  be  used  for  water-power. 

14th.  So  submerged  mechanism  will  be  necessary ;  the  boisttng-ap- 
paratns  placed  on  the  foot  bridge  will  be  always  accessible  and  easy  to 
keep  in  order,  do  matter  how  complicated  it  may  be. 

ISth.  However  great  may  be  the  force  required  to  raise  the  gates,  this 


58 

operntion  will  cause  no  daDger  to  the  dam-teoders,  even  should  a  rope, 
a  cbain,  or  a  part  of  the  ivindltiss  give  way,  because  the  gates  will 
always  be  in  stable  eqnilibriuDi  aud  will  be  unable  of  themselves  to 
produce  any  shock. 

16th.  The  pool  can  be  raised,  if  necessary,  after  the  first  construction 
of  the  dam  without  great  difficulty  or  great  expense,  if  it  should  become 
necessary. 

17th.  If  the  pool  is  t^  be  raised  to  the  level  of  the  banks,  we  can  reg- 
tilate  its  water-liue  by  experience  and  by  trials,  by  gradually  raising  the 
gates  to  the  maximuui  level,  stopping  at  the  instant  we  run  any  risli  of 
submerging  the  low  parts  of  the  valley  either  directly  or  by  filtration. 

On  the  other  hand,  it  seems  that  no  objections  can  be  made  tA  the  dam 
with  trestles  and  gates  escept  as  to  the  length  of  the  maueuTers,  and 
no  others  have  thus  far  been  suggested  to  us. 

Bnt,  on  the  one  hand,  there  are,  I  think,  more  advantages  than  dis- 
advantages in  maueuvering  movable  dams  very  slowly,  so  as  not  to 
cause  sudden  changes  in  the  regimen  of  the  water,  nor  dangerous  eddies 
aud  scours  below. 

On  the  other  hand,  we  can  place  the  foot-bridge  very  much  above  the 
level  of  the  pool,  and,  as  the  water  ca,n  flow  over  the  entire  length  of  the 
dam,  it  will  never  reach  the  bridge,  and  we  shall  always  have  all  the 
time  we  need  to  open  the  dam.  Furthermore,  it  will  never  be  necessary 
to  close  it  rapidly,  because  we  might  cause  a  scarcity  below  the  dam, 
and  that  would  do  more  harm  than  good. 

If  in  certain  special  cases  it  became  necessary  to  hasten  the  opening 
of  the  dam,  it  might  be  done  either  by  means  of  escapements  similar  to 
those  used  with  needles  or  slnice  gates,  or  else  by  inserting  either  turn- 
ing or  even  automatic  valves  in  the  gates,  that  are  generally  solid,  or, 
finally,  by  perfecting  the  hoisting  apparatus,  even  should  it  become  nec- 
essary to  do  it  by  means  of  a  steam-engine  where  power  and  dimensions, 
however,  would  be  very  small. 

Pabis,  August  7,  ISTo. 
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IMPROVEMENT  OF  THE  MOSONGAHELi  ElVER. 

The  work  of  improvement  on  this  river  consists  of  building  a  stone 
lock  and  dam  at  Hoard's  Rocks,  94  miles  above  Pittsburgh  and  8J  miles 
below  Morgantown.  Mr,  S.  Petitdidier  was  the  assistant  engineer  in 
charge  until  November  1,  1875,  when  he  resigned,  and  was  succeeded 
by  Mr.  J.  E.  Bell. 

Lock. 

In  my  last  annual  report  1  stated  that  the  contractors  had.  failed  to 
complete  their  work  in  time,  and  that  they  had  received  an  extension 
until  December  1,  1875.  At  that  date  they  were  again  behindhand, 
but  they  had  done  well  what  they  had  done,  and,  as  the  lock  was  very 
nearly  finished,  I  recommended  an  extension  of  their  time  until  Jane 
20, 1876,  which  was  granted.  At  the  latter  date  the  lock  was  finally 
finished  as  far  as  let,  the  lift  and  mitre  walls  having  been  purposely 
omitted  from  the  contract,  in  order  tbat  the  lock  might  act  as  a  sluice- 
way for  the  dam  while  the  latter  was  under  construction. 
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M;  last  amiu&l  report  stated  tiiat  work  had  been  begun  ia  gettiug  oat 
stooe  for  the  dam  with  the  view  of  bnildiag  it  by  day's  labor.  AfMr 
this  bad  progressed  some  time  I  foand  that  the  cost  of  qtiarrying  and  of 
boatJDg  waa  exceeding  my  estimates,  and  being  dissatisfied  with  the  way 
things  were  progressing,  I  asked  and  received  antbority  to  let  out  the 
work  by  contract.  Bids  were  opened  on  the  20tb  of  March,  1876,  with 
the  IbllowiDg  resalts: 


3  1 

^                            Bidders. 

II 

i 

3, 
I 

Is. 

^1 
lit 

!l 
1 

1 
III 

"i 

313 

1  30 
1  10 

MOO 

*)00 

if 

IB  00 

4S0 

500 
S33 
BOO 
7  10 

ew 

900 

BOO 
sso 

300 

5  00 

000 

T« 

eoo 

e    l[vGavu.U<>rgui,Oweii*i(Go... 

soo 

%   <                         Blddtra. 

1 

1 

1 
I 

i 
1 

i 
I 
i 

i 

3 

1     Smith  &H>   kin 

ROO 

sias 

10  00 

now 

TOO 
730 

13  90 
3  Sd 

9  75 

3  50 

4  SO 

300 

300 

MOO 
1  7S 

17J 
1  50 

IS8,n7  50 

^^S 

8     McGo™i.,MorE«i.Ow«ii*Co,.. 

7M90  00 

It  will  be  seen  that  Smith  &  Hawkins,  the  contractors  for  the  lock, 
were  the  lowest  bidders  for  the  dam.  I  bad  some  hesitation  in  recom- 
mending the  award  of  the  contract  to  them,  bat  they  gave  me  aach  as- 
snrances  of  their  financial  ability  and  of  their  earnest  desire  to  do  the 
irork,  that  I  conclnded  to  take  the  risk,  notwithstanding  the  slow  man- 
ner in  which  they  had  worked  on  the  lock.  The  contract  for  the  dam 
■was  worded  so  as  to  aathoriKe  the  engineer  to  take  possession  of  the 
work  and  the  contractors'  plant  on  Jnly  1  if,  by  that  time,  the  contractors 
had  not  attained  a  certain  rate  of  daily  progress.  They  utterly  failed  to 
reach  that  rate  or  anything  like  it,  and  accordingly  I  took  po!4ses8ion  of 
the  work  at  that  date.  Since  that  time  we  have  been  bnilding  the  daiu 
by  day's  lahor.  We  have  heen  greatly  hindered  by  unusual  high  water, 
and  it  will  probably  he  impossible  to  finish  the  dam  during  the  piesent 
season.  The  best  working  time  was  in  May  and  June,  bnt  this  was  frit- 
tered awity  by  the  contractors,  and  since  then  the  season  has  been  in 
the  main  unfavorable.  Up  to  June  30  the  contractors  had  laid  125 
cabic  yards  of  masonarj'  of  all  kinds  ont  of  an  estimated  total  of  B,900 
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cabic  yards,  and  tUey  had  excavated  for  fonndatioD  1,299  cubic  yards  of 
earth  and  rock  out  of  an  estimated  total  of  1,610  cubic  yards. 

Owing  to  tbe  unexpected  extension  of  the  work  to  two  years  beyond 
the  time  originally  allowed  for  construction,  which  extensioo  was  en- 
tirely due  to  the  repeat«d  failures  of  the  contractors,  and  owing  also  to 
other  causes  stated  below,  there  is  a  deficiency  of  about  $20,0(HI  in  the 
sum  required  to  fluish  this  work. 

Besides  the  longer  time  that  it  has  become  necessary  to  retain  the 
engineering  force,  this  deficiency  is  also  due  in  part  to  the  fact  that  Id 
the  course  of  construction  it  was  found  necessary  to  do  some  work  that 
was  not  included  in  the  original  estimate.  These  additional  and  unex- 
pected soarces  of  expense  are  as  follows : 

Two  yeaismoreof  engineering $6,000  00 

IncreaBe  in  excavation  for  lock,  doe  to  a  obaDg«  in  looatioa  neceasltated 

aftet  foundation  bad  been  uncovered . . ..       9,500  00 

Office  building 1,000  00 

Guard-vrall  below  look 3,500  00 

Total 20,000  00 

I  would  strongly  urge  the  appropriation  of  this  sum,  as  without  It 
we  will  hare  to  leave  the  lock  and  dam  unfinished,  and  the  only  practi- 
cal result  of  our  expenditures  (unless  carried  to  completion)  will  be  to 
make  the  river  navigation  much  worse  than  before  we  began,  and 
utterly  impracticable  at  certain  stages. 

My  last  annual  report  contained  an  estimate  for  lock  and  dam  Ko.  S, 
to  be  built  at  Laurel  Bun,  below  the  West  Virgiaia  line,  and  about  two 
miles  below  the  mouth  of  Cheat  River.  As  no  appropriation  was  made 
on  this  estimate,  I  will  rei)eat  it: 

Lock,  with  lock-keepei'B  house gll5,O0O 

Dam 74,000 

1H9.00O 

As  the  lock  mnst  be  built  before  the  dam  is  begun,  it  will  not  be 
necessary  to  appropriate  all  of  the  money  at  one  time,  nor  need  all  of 
the  snm  required  for  the  lock  be  spent  during  the  first  season.  I  would, 
therefore,  only  recommend  the  following: 

For  completion  of  look  and  dam  No.  9  at  Hoard's  Rocks $20,000 

For  lock  at  Laurel  Rnn 60,000 

Total 60,000 

I  would  particularly  request  that  the  appropriation  be  made  *'  for  the 
improvement  of  the  Upper  Monougabela."  This  will  be  to  the  interest 
of  the  public  service,  as  it  will  enable  the  surplus  of  either  lock  to  be 
applied  to  the  construction  of  the  other.  In  any  event,  I  would  urge 
an  appropriation  sufficient  to  finish  the  lock  and  dam  now  partly  built. 
Whatever  is  appropriated  in  excess  of  820,000  can  be  advantageously 
used  in  getting  out  stone  for  lock  No.  8,  even  should  the  appropriation 
be  insufficient  to  justify  the  commencement  of  construction.  My  expe- 
rience with  contractors  on  the  Upper  Monongahela  has  been  so  unfa- 
vorable that  I  purpose,  (if  sanctioned  by  sujwrior  authority,}  to  do  future 
work  on  this  river  by  day's  labor. 

Money  statement. 

Amount  available  July  1,1875 8101,286  09 

Amount  expended  duriug  fiscal  jeor  ending  June  30, 1^0. .........  63,471  4B 

Amount  available  July  t,  1S76,  iucludini;  S:J,601.16  due  od  contraota,&c..  37,814  61 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  eudipg  JuneSO,  li^S.  60, 000  00 
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WABASH  KIVEB. 

Mr.  F.  Steiu,  assiijtaut  engineer,  bas  coDtinued  in  cbarge  of  the  works 
on  the  Wabash  dariot;  the  past  year. 

At  the  oueiiiQg  of  the  fiscal  year  the  foUowiug  contracts  were  oat- 
staoding : 


Work. 

ContiMtoM. 

1 

KE 

tN       H 
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NEW  HABMOKY  DAU. 

Tbls  dam  was  designed  to  close  the  cut-off  at  N'ew  Harmony  and  thns 
restore  to  the  main  cbannel  the  water  wast«d  throngh  this  side  channel. 
The  latter  cannot  be  utilized  for  navigation  on  accoant  of  the  heavy 
fall,  which  varies  from  CJ  to  7J  feet,  dex>ending  on  the  stage  of  water. 
The  greater  part  of  this  fall  is  found  at  the  lower  end  of  the  cut-off, 
where  there  is  a  rock-bac  entirely  across  the  river,  on  which  was  once 
bnilt  a  low  mill-dam,  which  is  now  in  raina. 

The  length  of  the  cnt-oST  is  2  miles,  while  the  distance  around  the 
island  is  14  miles.  By  distributing  this  fall  over  this  greater  distance 
we  will  probably  obtain  a  good  navigation  at  all  stages. 

The  season  for  work  was  unusually  unfavorable,  the  Wabash  Valley 
having  been  the  scene,  in  August,  of  the  highest  flood  ever  known.  At 
ViDcennes,  the  river,  when  at  its  highest,  was  22|  feet  above  low  water, 
at  Mount  6armel  28^  feet,  and  at  the  Grand  Oliain  32^  feet.  The  whole 
of  the  bottom  was  inundated,  and  the  river  varied  in  width  fh>m  6  to 
10  miles.  Until  this  flood  subsided  no  work  could  be  done,  thns  leaving 
the  contractors  with  a  very  limited  season  for  the  completion  of  their 
contracts. 

Twenty-three  cril)s  were  sunk  and  anchored  to  the  bed-rock,  and  21 
of  them  were  filled  with  stone ;  12  more  cribs  would  have  made  the  dam 
continuous  across  the  cut-off.  but  the  low-water  season  came  to  an  end, 
and  the  work  was  necessariiy  left  incomplete.  Daring  the  winter  some 
of  the  cribs  were  washed  out  and  injury  was  done  to  the  paving  on  the 
island  bank.  These  injuries  will  be  repaired  at  the  expense  of  the  con- 
tractors. The  work  will  be  completed  before  the  close  of  1876  unless 
the  present  season  should  prove  particularly  unfavorable. 

tvarwick's  eipple. 

At  this  place  the  contractor  pat  in  a  cofi'er-dam,  but  before  he  was 
able  to  get  it  tight  enough  to  lay  bare  the  rock,  the  river  rose  and  work 
had  to  be  abandoned.  As  payments  were  only  doe  for  rock  excavated, 
the  United  States  sn&tained  no  loss;  nor  was  the  navigation  of  the 
river  improved.  Another  efTort  to  do  this  work  will  be  made  during 
the  present  year. 

LITTLE  CHAIN. 

The  contractors'  soag-fleet  had  barely  commenced  work  at  clearing 
this  cat-off  when  the  great  August  flood  began,  and  soon  compelled  them 
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to  atop.  The  fleet  lay  idle  at  the  foot  of  the  cnt-off  for  about  2  months, 
and  as  the  river  began  to  fall  and  to  expose  the  destroyed  vegetation  of 
the  bottoms,  the  climate,  bad  at  best,  became  pestilential,  and  all  hands, 
including  the  inspector,  were  strickeu  with  chills  and  fever. 

When  the  river  got  low  enough  work  was  resnmetl,  and  the  cut-off 
was  partly  cleared  out.  The  work  was  not  finished  to  my  satisfaction, 
but  as  it  seemed  aseleas  to  any  longer  keep  a  fleet  manned  by  sick  men, 
it  was  discharged.  It  is  proper  to  add  that  few  persons  can  stand  the 
climate  of  the  Wabash  in  the  autumn,  and  this  is  one  great  difficulty  in 
getting  work  done  on  it. 

eUKVBYS. 

During  the  year  the  following  special  surveys  have  been  made : 

The  Wabaeh  Ritbt,  from  HaiBhall's  Feny  to  New  HarmoDy. 
The  WabaBh  River,  from  MooDt  Carmel  to  Kucbeetvi. 
The  United  States  property  at  Grand  Bapids. 
The  lock  and  dam  at  Grand  Kapids. 

A  copy  has  also  been  made  of  the  general  map  of  the  Wabash  fh)m 
Yincennes  to  Its  month,  compiled  from  the  general  map  of  the  Naviga- 
tion Company,  our  own  surveys,  and  county  maps. 

APPBOPEUIION  FOB  1876-'77. 

The  last  appropriation  act  gave  $70,000  to  the  Wabash.  In  reducing 
the  expenditures  on  public  rivers  and  harbors  to  $2,000,000,  as  ordered 
by  the  President,  the  Wabash  was  omitted,  and  consequently  the  only 
work  that  will  be  done  will  be  to  complete  the  outstanding  contracts  at 
Kew  Harmony  and  at  Warwick's  Eipple. 

ESTIJIATE  FOR  1877-'78. 

Under  these  circnmstances,  I  can  only  renew  my  estimate  of  last  year, 
which  was  as  follows : 

For  rebnildlag  Graod  RapldBlock $130,000 

For  eogioeeiiug  and  ooutlugauciee 15,000 

145,000 

Money  statement. 

Amount  sv^lable  July  1, 1875 t49,917  03 

Amonnt  expended  danng  Sscalyeorendine  Jane  30, 1876 15,802  15 

AnioDnt  available  Jnly  1, 1876,  inolndinfc  ^1.88  doe  on  contraots 34, 114  88 

Amonnt  appropriated  by  act  approved  Angust  14, 187t> 70,000  00 

Amonnt  that  can  be  profitably  e:cpended  in  fiscal  year  eodiDg  JuaeSO,  18T8-  14ii,  000  00 


R  6. 

surveys  for  the  estes810n  of  the  chesapeake  and  ohio  cakal. 

United  States  Ekoinebb  Office, 

Cincinnati,  Ohio,  Febrvary  10, 187C. 
General:  I  have  the  honor  to  submit  the  following  report  on  the 
surveys  ordered  in  the  appropriation  bills  of  1874  and  1875  for  the 
extension  of  the  Chesapeake  and  Ohio  Canal. 
The  appropriation  act  approved  Jnne  23,  1874,  ordered  surveys  and 
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estimates  on  "a  ronte  from  the  moatli  of  the  Youghiogheny  Kiver,  to 
coQtinne  the  slackwater  oavigatioa  up  said  river  to  its  headwaters  at 
the  foot  of  the  Allegheny  Mountains,  theuce  by  canal  to  Cumberlaud, 
intersecting  there  the  Chesapeake  and  Ohio  Canal." 

The  sam  allotted  for  this  survey  was  insnfflcient  to  complete  it :  aDd^ 
at  the  close  of  the  field-work,  the  canal-Iine  had  only  been  located  from 
<>nmberland  to  a  poiut  2  miles  north  of  Ohio  Pyle,  a  total  distance  of 
SO  miles,  leaving  ansorveyed  15  miles  of  canal  and  25  miles  of  river. 
These  facts  were  fully  set  forth  in  my  preliminary  report  dated  January 
23,  ISlo,  [Ex.  Doc.  19,  part  1,  Senate,  Forty-third  Congress,  second  ses- 
sion,) in  which  I  requested  an  additional  allotment  of  $20,000,  in  order 
to  complete  the  survey,  to  gauge  the  streams,  and  to  locate  and  desigu 
the  necessary  reservoirs. 

In  the  appropriation  act  approved  March  3,  1875,  an  allotment  of 
910,000  was  made  "for  completing  the  survey  and  estimates  of  the 
ronte  from  the  month  of  the  Yonghiogheny  Biver,  to  continue  the  slack- 
water  navigation  up  said  river  to  the  headwaters  at  the  foot  of  the 
Allegheny  Mountains,  theuce  by  canal  to  Cumberland,  intersecting 
there  the  Chesapeake  and  Ohio  Canal." 

In  accordance  with  your  orders,  half  of  this  sum  was  assigned  to  the 
completion  of  the  Wills  Creek  liue  and  the  other  half  to  a  survey  up 
the  Qortb  branch  of  the  Potomac,  to  the  mouth  of  Savage  Biver,  there 
connecting  with  the  line  snrveved  in  1873,  and  reported  in  my  report  of 
March  20, 1874.    (Beport  of  Chief  of  Engineers  for  1874,  part  1,  p.  493.) 

I  was  fortnnate  enough  toagain  secure  the  services  of  Col.  Thomas  S. 
Setlgwick,  late  of  the  volunteer  army,  who  hatl  made  the  previous  snr- 
veya.  His  very  elaborate  report  and  maps  are  herewith  submitted.  No 
pains  have  been  spared  to  determine  the  exact  quantities  needed  for 
the  various  necessary  structures,  and,  after  mucli  study  and  examina- 
tion, I  have  no  hesitation  in  adopting  the  quantities  and  estimates  which 
he  has  so  carefully  prepared. 

WILLS  CBEEE  BOUTB. 

My  instructions  to  Colonel  Sedgwick  were  to  survey  the  Wills  Creek 
route  for  a  first-class  canal  in  all  respects ;  and  as  this  route  was  one 
that  by  its  position  must  necessarily  be  competitive  as  a  through  trans- 
portation-route with  that  by  way  of  the  James  and  Kanawha  Bivers,  I 
directed  him  to  ddopt,  for  locks  and  canal  trunk,  the  dimensions  already 
chosen  for  that  liue ;  these  are  120  by  20  for  locks,  and  70  feet  for 
width  of  watersnrfaoe  of  trunk,  the  depth  thronghont  being  7  feet.  It 
is  proper  to  add,  that  the  lock  in  question  is  10  feet  longer  and  2  feet 
wider  than  those  now  in  use  on  the  Erie  Canal.  It  seemed  quit«  evi- 
dent that  tbe  route  from  Cumberland  to  Pittsburgh  could  have  little 
claim  for  national  aid  aniess  it  should  prove  practicable  for  a  canal  of 
the  width  and  depth  necessary  for  the  most  economical  transportation. 
I  am  happy  to  state  that  I  believe  that  such  a  canal  is  practicable  on 
this  liue,  although  it  was  impossible  to  make  tbe  special  studies  for 
water-supply  that  are  necessary  before  anch  a  statement  can  be  made 
with  absolute  certainty. 

The  trunk  of  the  canal  has  been  maintained  at  its  standard  width 
and  depth  thronghont  the  whole  length  of  the  canal,  except  in  tnnnels, 
at  aqufslocts,  and  along  the  face  of  certain  steep  cliffs,  where  tbe  exca- 
vatioD  of  the  full  width  of  trunk  would  have  been  onerously  costly. 

The  chief  works  of  special  interest  are  the  summit- tunnel,  the  inclined 
planes,  the  aqueducts,  and  the  passage  of  "  The  Narrows."    These  will 


be  meDtioned  in  tbeir  order,  but  as  an  adequate  supply  of  water  ia  tlio 
prime  necesaity  for  a  cnDal,  it  aeema  proi)er  to  discuss  tliis  question  be- 
fore giving  the  details  of  construction. 

WATER-SUPPLY. 

Tlie  first  point  to  be  settled  is  the  amount  of  water  required,  after 
which  comes  the  question  of  the  source  from  whence  it  is  to  be  obtained. 
The  manner  of  determining  the  necessary  quantity  for  the  use  of  the 
canal  is  given  in  detail  in  Colonel  Sedgwick's  report.  That  portion  of 
his  report  which  discusses  the  water-supply  isourjoint  work,  and  there- 
fore it  is  not  necessary  to  repeat  it  here.  It  will  sutQce  to  state  that  we 
concluded  that  a  supply  of  42  cubic  feet  per  mile  per  miuute  should  suf- 
fice for  all  the  needs  of  the  longitudinal  slopes,  except  that  an  extra  sup- 
ply will  be  needed  for  that  part  of  the  canal  on  the  east«m  slope  lying  be- 
low Jennings's  Bun.  Whatever  additional  supply  is  required  on  the 
western  slope  can  readily  be  obtained  from  the  Caatleman  Biver,  and 
needs  no  special  discussion.  For  the  summit-level  a  supply  of  87^  cubic 
feet  per  running  foot  in  twenty-four  hours,  which  is  equivalent  to  320.8 
cubic  feet  per  mile  per  minute,  is  needed,  on  the  supposition  of  150  lock- 
ages per  day. 

Owing  to  the  exhaustion  of  the  appropriation  for  the  survey,  it  be- 
came impossible  to  make  an  exact  location  and  plan  for  the  summit- 
reservoir,  and  even  had  there  been  funds  available,  such  gangings  of 
the  streams  as  we  might  have  made  would  nothave  been  very  uBefuJ,  on 
account  of  the  unusual  amount  of  wet  weather  daring  last  summer.  Ou 
both  of  these  points  we  are  still  compelled  to  use  the  data  collected  in 
1826,  but  I  believe  that  they  can  yet  be  used  with  safety.  The  reservoir- 
sites  are  still  available,  with  slight  changes,  and  the  only  point  on  which 
doubt  cau  fairly  arise  is  on  the  subject  of  the  rainfall.  The  cultivation 
of  the  mountain-tops  may  have  slightly  lessened  the  amount  that  can 
be  gathered,  but  I  hardly  think  the  conditions  have  been  sensibly 
changed  since  the  flrat  surveys  were  made. 

Jn  determining  the  allowance  to  be  made  for  loases,  I  have  followed 
Inspector- General  Graoff,  of  the  Pontg  et  Ohauss4es,  whose  discussion  on 
canals,  as  given  in  his  report  on  the  Mame-Bhiue  Canal,  is  the  latest  and 
most  thorough  that  I  have  been  able  to  find.  I  insert  several  transla- 
tions from  hia  work,  both  because  they  have  been  the  basis  of  the  work 
on  this  survey,  and  also  on  account  of  their  intrinsic  value,  and  because 
I  believe  them  to  be  unfamiliar  to  American  engineers. 

The  profiles  of  the  majority  of  canals  show  a  highest  level,  with  slopes 
descending  on  either  side.  This  highest  level  is  usually  called  the  snm- 
mitrlevel,  and  the  slopes  are  designated  as  the  longitudinal  slopes,  to 
distioguish  them  from  the  side  slopes  of  the  trunk.  A  longitudinal 
elope  always  ends  when  itstrikea  a  summitor  a  bottom  level;  or,  in  other 
wo'tJs,  whenever  the  grade  reverses,  changing  from  ascending  to  de- 
scending, or  vice  versa.  This  distinction  is  important,  as  a  reversion  of 
grade  is  always  necessarily  accompanied  by  an  entirely  new  arrange- 
ment for  feed-water.  It  is  a  pecniiarity  of  the  Chesapeake  and  Ohio 
Canal  (including  the  extension)  that  it  has  but  one  summit-level,  no 
bottom- level,  and  but  two  longitudinal  slopes. 

A  sn  I  limit- level  must  have  water  enough  to  supply  its  losses  by  filtra- 
tion, evaporation,  leakage,  &c.,  and  also  to  fill  the  locks  at  either  end 
whenever  boats  enter  or  leave  the  level.  The  longitudinal  slopes  Only 
reed  water  enough  to  supply  the  losses  from  natural  causes,  as  the 
water  which  a  boat  brings  with  it  from  the  summit-level  will  carry  it 
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throngbont  the  whole  length  of  the  slope.  An  exception,  however,  must 
be  made  of  boats  that  ascend  a  slope  and  retnrn  without  going  np  to 
the  sn tn mi t- level ;  every  such  boat  uses  a  lockful  of  water  from  the  high- 
est level  which  she  reaches,  which  lockfnl  is  not  replaced  by  her  pas- 
sage into  the  next  higher  level,  and  mast,  therefore,  be  made  good  In 
some  other  way.  It  should  also  be  stated  that  the  summit-level  mnst 
provide  for  the  losses  from  natural  causes  of  those  portions  of  the  ad- 
jaceot  longitudinal  slopes  that  lie  above  the  nearest  feeders  on  these 
sli^. 

The  following  translation  from  Graeff  {Constrtiction  des  Canaux  et  des 
Chemint  defer,  Paris,  1861)  ia  believed  to  be  the  most  complete  report 
on  water-supply  that  has  yet  appeared  in  print.  It  may  be  well  to  add 
in  explanation  that  the  Mame-Rhine  Canal  unites  the  valleys  of  these 
two  rivers,  and  forms  a  water- com mnuication  between  Paris  and  Stras- 
bourg. All  dimensions  and  quantities  given  in  the  original  report  have 
been  transformed  to  correspond  with  the  English  system. 

WATER'Si;rPLY. — GENSRAI.  COMSI DERATIONS. 

The  Vmges  Rtinimit-leve]  tias,  as  hns'slready  been  mentJoQed,  a  total  lenfcth  of  18.3 
tnilcs,  ud  tbe  Rhine  slope,  nhich  beg^Ds  at  its  lower  end,  has  a  total  length  of  37 
Diiles.  The  Moselle  slope,  wtaicb  Joins  at  the  upper  end  of  the  Hommit-loTel,  baa  a 
total  length  of  34.S  milae.  The  two  slopes  of  the  canal,  which  are  fed  by  tbis  snintuit- 
level,  are,  therefore,  nearly  e<[ual  in  length,  and  their  total  longth  is  nearly  fonr  times 
tbst  of  the  anmni  It-lev  el.  f 

Briraon,  in  his  preliminsiy  project  for  the  canal  from  the  Mame  to  the  Rhine,  bad 
even  then  a  preeentiment  that  it  wonld  be  necessajy  to  provide  nnmerons  feeders  for 
the  descending  branches;  but,  in  acoordBnce  with  the  ideas  of  his  time,  he  was  led 
upeciallj  to  concentrate  on  the  snmmit-levels  the  chief  resources  for  feeding.  Tbua 
in  all  that  part  of  the  canal  traced  in  theS&non  Vallej,  (Moselle  slope,)  which  waa  to  bo 
abont  25  miles  long,  he  supposed  that  feeding  wonld  be  accomplished  by  means  of  tbe' 
Toegee  rammit-loTd,*  for  he  only  mentions  incidentally  a  feeder  from  the  SAiion.  For 
the  Shine  diTisioa,  he  admitted  that  the  first  feed-water  wonld  come  from  the  Zom 
abore  Lil  tzelboQrg,  about  two  and  a  half  milee  from  the  summit-level ;  the  second, 
Irom  the  Rohrbaechel,  near  Hohfelden ;  that  is,,  at  'il.7  miles  from  the  sanimit-ievel  ; 
lod  the  third  from  one  of  the  bianobes  of  the  Zorn,  near  Bnimath,  or  at  a  distance 
Inim  the  summit-level  of  39.3  miles ;  which  placed  tbo  feeders  on  the  Rhine  division  at 
diBloDces  apart  of  3j,  19,  and  7i  miles. 

Krom  the  commencement  of  work  on  the  canal,  in  1839,  nntil  1S47,  bnt  little  atten- 
tion was  paid  to  the  feeding  of  the  Rhine  slope.  &.  plan  for  feeding  from  the  Mossel- 
liach,  a  tributary  of  the  Zovn,  near  Dettwiller,  was  presented  in  1847,  during  our  former 
urvice  on  the  canal ;  but  the  authorities  in  charge,  with  a  wise  reserve,  refused  to 
ktiprove  any  inolated  plan  before  a  complete  plan  for  feeding  the  Rhine  slope  had  beeu 
ladled.  This  study  was  undertaken  in  accordance  with  a  decision  of  the  minister  of 
public  works,  dated  March  B,  1^8.  M.  Joquin^,  who  was  then  chief  engineer  of  the 
csDsl,  admits,  as  a  principle,  that,  except  in  case  of  a  notable  advantage  tu  cost,  feed- 
en  from  tributaries  must  be  given  up,  and  those  which  may  be  considered  necessary 
most  be  established  on  the  Zom  itself;  besides,  that  it  is  better  to  make  a  larger  num- 
ber at  feeders  and  to  expect  less  from  them.  This  system  is  the  least  injurions  to  tbe 
mills  on  the  water-courBe,t  while  at  the  same  time  it  is,  as  M.  Comoy  baa  proved,  tbe 
nost  convenient  and  the  best  for  feeding  the  caunl. 

Tbe  examinations  were  made  by  M.  Molard,  H.  Ouerre,  and  onrself  during  the  re- 
Ipective  services  which  we  all  three  had  as  resident  engineers  {ing^aieara  ordinaim)  in 
1^,  and  from  them  it  appeared  that  five  feeders  coulilbe  taken  from  the  Zorn  on  tbe 
Rhine  slope:  tbe  first  at  tbe  Hoffmiihl  Mill;  tbe  second  near  the  MunKelbaiicbel  Run, 
Vtween  Liitzelliourg  and  Saverne;  the  third  at  tbe  bead-race  (from  the  Zom)  of  the 
La  Rondelle  Mill,  between  Saverne  and  Steinbourg;  the  fonrth  near  the  Lnpsteio 
Uill ;  and  the  fifth  near  the  MUuchmlihl  Mill  opposite  Brumath.  (See  the  general  plan, 
Pin.  1,  Plate  A.)  Besides  these  feeders  others  could  be  taken  from  the  Mosselbach  ana 
Ibe  Kohrbgiichel.  These  examinations,  which  were  finished  in  1848,  were  not  followed 
up,  as  the  appropriations  for  the  canal  were  so  redaoed  by  political  events  that  there 

'Those  who  wish  to  k 
tbem  given  in  oar  article 
tlC;kaiitMr(,(18St>.) 

tThia  will  be  clearly  demonstrated  farther  on. 
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7B8  no  hope  of  letting  in  tvater  bd  soon.  Wbeu  we  took  charge  in  1851,  uniler  tbe 
orders  of  InHpector-GBueral  Colligiion,  of  the  service  of  tbe  thini  eiibdi vision,  includiOK 
the  VoBftea  snmmlt-level  and  the  Rhiue  Blope,  our  Uret  atndy  hod  to  be  the  pl&n  for  tb« 
complete  feeding  of  tbia  portion  of  the  canal.  We  therefore  bad  to  re-examine  tliia 
subject  more  cloaely.  Let  us  Qoir  indical«  tbe  results  of  these  esaminationB  as  far  as 
IB  the  Rhine  slope. 


COSSTRL'CTBD.— VARIOUS  DETAILS.— COKSUMPTION  OF  WATKR, 

Article  1. — General  contlderaiiont. 

TboZom.aa  enuged  juBt  above  the  HofTnjIibl  Mill,  (see  tbe  map,Fig.  I.  PlateA,)doe8 
not  give  less  uitin  IfiHifiOO  cublo  feet  in  tnentj-four  hours  during  low  water,  anil 
4,240,000  cubic  feet  during  SiVerage  atoges ;  t)ebides,  ita  diacbarge  increases  rapidly  as 
we  recede  from  ita  head  spriuga ;  s.  Utile  helow  gCeiubourj;  it  receives  quite  a  lai^{e 
aflluont,  tbe  ZiutzeL  At  Brumath  the  Zurn  Kaiises  nearly  7,000.000  cubic  ftet  in  tn-en- 
ty-four  boura  in  low  water,  and  does  not  afibrd  leea  than  14,000,000  cnbic  feet  in  average 
stages ;  we  see  at  once  what  a  supply  we  have  for  feeding. 

The  final  examinations  showed  that  feeders  could  be  established  at  Blight  expense, 
since  there  was  notbing  to  prevent  bo  near  an  approach  to  the  sources  of  supply  a^  to 
make  feeding  as  easy  and  as  regular  as  conld  bo  desired.  We  mentioned  above  that 
tbia  system  of  feeders  at  very  snort  distances  was  not  only  advantageous  as  far  as  cod- 
cemcd  the  feeding  of  the  canal,  but  also  in  respeotto  tbe  damages  caused  to  the  milla  on 
the  stream  from  which  tbe  water-supplies  are  takeji.    This  can  easily  be  dmiioust.rated. 

Suppose  that  b  certain  lengtb  of  a  given  canal  can  be  fed  by  a  feeder  fiiriiialiing  an 
average  cnbe.  A,  of  water,  in  twenty -four  hours;  ]etp  be  the  cost  of  constructing  this 
feeder.  All  the  mills  situated  below  this  feeder  will  undergo  the  loss  of  this  some  vol- 
ume of  water,  and  if  D  represents  in  money  tbe  average  damage  that  will  result  tu  each 
mill,  and  m  represents  tbe  number  of  millB,  tbe  total  damage  will  be  m  D. 

Suppose,  now,  that  instead  of  one  feeder  we  make  two,  together  diecharglDf;  in  twen- 
ty-four hours  the  same  average  cube.  A,  just  supposed  to  be  discbarged  nuder  tbe  sup- 
position of  a  single  feeder ;  suppose,  besides,  that  between  these  two  feeders  there  are 
n  mills,  and  that  the  average  damage  experienced  by  each  one  of  these  s  mills  is  d  ;  tlie 
total  damage  for  then  mills  will  evidently  be  nd,  and  ouly  the  m  —  a  mills  situat«d 
below  tbe  seooud  fee<1er  will  experience  each  one  the  average  damage  D.  Moreover, 
let  ns  designate  by  P  tbe  cost  of  constructing  the  two  feeders,  lu  order  that  the  cost 
of  the  two  systems  (that  of  supplying  by  one  and  by  two  feeders)  should  be  the  same, 
we  must  evidently  have  tbe  followintf  condition  between  these  different  quantities : 

;.-|-mD  =  P-|-nd-|-(«-«)D     ■ 
whence 

P-p  =  n{D-d) 

When  P— p  is  greater  than  n  (D  —  d)  it  will  beodvantageous,  as  regards  cost,  to  have 
only  one  feeder  to  feed  the  given  lengtlj  of  canal.  WbenP — p  isBmariertbaun(D  —  if) 
there  will,  on  the  contrary,  be  an  advantage  in  feeding  the  same  length  with  two 
feeders.  As  feeding  is  easier  and  more  regular  in  proportion  to  tbe  number  of  feeders, 
it  follows  that  we  ought  always  to  adopt  the  second  system  when  it  does  not  cause  PS- 
penditnres  notably  greater  than  the  first.  Moreover,  let  us  remark  that  the  more  im- 
portant and  the  closer  together  are  tbe  mills,  the  more  chances  there  are  that  tbe  system 
of  numerous  feeders,  each  taking  hut  a  small  quantity  of  water,  will  be  the  more  advan- 
tageous; for  these  feeders,  being  then  narrow  aud  very  short,  are  not  expensive,  and 
the  sum  of  the  damages  to  the  mills  is  the  minimum,  tohilt,  if  ire  tak«at  the  head  and  at 
oaet  all  the  water  that  iKese/tedert  take  in  euocesiioa,aiid,eo  to  speak,  in  detail,  all  the  ntilla 
will  tiiffer  themanmumofiavtage.  As,  ou  the  other  hand,  it  is  almost  irapoaeihle  to  fore- 
see exactly  the  fnount  of  indemnity  to  be  paid  to  mills,  and  as  tbe  decision  on  this 
point  is  dependent  ou  tbe  hazards  of  a  report  by  experts,  we  must  conclude  that  it 
IS  always  more  sore  and  more  economical  in  all  respects,  wbeu  bu  importuot  water- 
oourse  is  in  question,  to  make  feeders  close  together,  since  tbe  feeding  of  the  canal 
gains  at  tbe  same  time  as  the  manufacturing  iuterest. 

It  is  iu  accordance  with  tliese  principles  that  the  feeders  of  tbe  Bbine  slope  have 
been  arranged,  and  tbe  decision  ofJune  17,  1852,  in  rejiard  to  feeding  tiie  Vosges  sum- 
mit-level aud  tbe  Shine  slope,  made  in  accordance  witli  tbe  prupouitions  of  the  project 
for  water-supply  which  wa  prepared  on  the  12th  of  November,  1B5I,  finally  permitted 
tbe  establisbment  on  this  slope  of  five  feeders  supplied  by  tbe  Zorn  :  Tbe  fir«t,  near  the 
HoffmilUl  Mill,  waste  flow  iuto  tbe  Dineteeuth  level,  (sue  the  map.  Fig.  l,Plat«  A;)  tbe 
second,  located  opposite  tbe  Hungelbaijcbel  Ran,  between  LUtzulbourg  and  Saverue, 
was  to  enter  tbo  twenty-seveuth  level ;  tbe  third  was  to  draw  its  supply  from  the  :-ace 
of  La  Rondelle  Mill,  wbieh  draws  from  the  Zorn,  between  Saveme  aud  Steinbomg, 
and  was  to  etiter  the  Ihirty-sisth  level ;  the  fourth  and  fifth  feeders  were  to  draw  from 
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the  Zoni  at  the  poada  of  the  Lupst^in  aaA  the  MtiDchmUhl  Mllla,  near  Brtiiuath,  and 
Here  to  empt;  Into  the  foitf-first  aod  the  forCj-Baveath  levels. 

The  detailed  plana  for  these  feeders  were  prepared  and  immediately  carried  oat. 
Hoverec,  the  conatmotion  of  the  La  Rondelie  feeder  was  poatponed,  so  that  at  present 
tliere  are  but  foar  feeders  on  the  Ghine  division.  The  feading  at  La  Bnndelle  did  not 
Beem  necessary  in  view  of  the  experieuce  acquired  in  supplying  the  caaal  since  Norem- 

Ttie  rollowinK  table  showa  the  positions  of  the  feeders  of  the  Rhine  slope  in  relation 
to  tbe  Bammit-lerel,  and  ia  order  to  make  it  complete,  we  have  added  those  of  the 
Mmmit-leTel  it«elf  as  they  are  to-da,v,  together  with  their  respective  distances.  This 
table  recapitutates  all  tbe  feedeiii  constructed  on  the  third  subdiviaioD  since  vre  had 
charge  of  it : 
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Those  thr«o  are  the  principal  feedioK  poiute  of 
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1. 1 

Tbeae  tliree  feedlagw  are  of  do  ereat  importanoa 
to  tbe  aumni It-level,  l)ut  they  coat  almoat 
DothliiE.  the  atreiirae  beinji  euily  tnmed  bo  aa 
to  faUlnto  tha  caoal.  aod  yet  they  reader 
solue  service;  they  oaii  yield  from  50,00(1  to 
10.000  cnbie  feet  la  U  baun  la  law  waicr, 
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abaetua  is  taken  to  (be  lower  eod  of  the  lock. 

WudriflockNo..il 
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EDtmice  ef  suuti  Into  the  III ... . 

55.3 

o.e 

Tte  WacksD  chaaod  la  the  river. 

ToUllMgth 

1  *^^ 

A'e  Bee  that  the  tp^atest  distance  between  two  sapply-pointa  is  eleven  and  a  half 
milea,  md  that  the  snmmit-level  has  oolv  to  feed  2.4  miles  of  the  Bhine  divlsioo.  The 
^ilions  for  feeding  this  division  of  the  canal  are,  then,  very  good  in  all  respects. 
CuuMqaently,  it  was  fonnd  that,  almost  from  the  time  it  was  opened  to  navigation,  it 
W  throoghont  its  normal  depth  of  5t  feet. 


ArlUlt  2.—DeUiih  of  the  feeda-g.- 


—Coniamplion  of  woter. 
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— i  for  us  to  give  some  special  detaiis 

*f«  netd  not  discuss  hero  their  locationa,  which  hav. 
^eliilsof  the  projects,  but  we  mnat  give  informati 
'iniilip  constructions ;  we  8 
Ihe  aiffecent  feeders  can  be 


I  the  feeders  of  the  Bhiue  slope. 

jeen  determined  by  studyof  the 

which  may  l>e  useful  for  other 

the  following  table ;  the  lines  of  direction  of 

the  map.    (Fig.  1,  Plate  A.) 
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All  theoa  fead«rs  have  been  constiuctod  so  as  to  funiieb  much  more  than  ia  reqaired 
for  feediuK  the  sectioDB  of  the  caoot  to  wbicb  tbey  belong.  Thef  are  so  arraoKed  that 
if  bU  the  Tower  feeders  ghoold  foil  at  ODce  io  conaeqnence  of  aooidenta  or  repairs,  each 
(tedercan  supply  all  that  part  of  the  canal  embraced  between  itself  and  theendof  tha 
Shioe  division  ;  aud,  heaides,  so  that  when  all  the  feeders  are  operating  together,  the 
fiUiDg  c^  the  whole  Rhine  division  (at  337  cnbic  feet  per  running  foot)  can  be  acooai' 
pliahed  in  three  days  after  a  drainage,'  in  whichitissappoaed  that  thecanat  is  entirely 
emptied.  We  will  not  give  hare  the  details  of  oalcalations  on  the  onnatrnotion  of  the 
feeders,  as  any  engineer  can  mske  them  withont  any  difficulty.  The  oonsi derations 
that  control  in  determining  the  mazimnm  discharge  of  a  feeder  are  the  total  cube  that 
18  reqnired  for  filliur  the  part  of  the  canal  that  it  is  designed  to  feed,  and  the  mlaimum 
time  that  can  be  allowed  for  this  filling.  These  are  what  usually  determine  the  maxi- 
niam  diacharge,  and  consequently  tbe  dimensions  of  the  feeders.  Thus,  a  feeder  which 
■bould  feed  a  section  of  canal  twelve  miles  long,  for  which  Is  required,  at  the  rate  of 
tXi  cubic  feet  per  runniUK  foot,  a  total  cnbe  of  15,016,320  oabio  feet,  onght  to  be  able 
In  diacharge,  if  the  time  for  filling  ia  fired  d  priori  at  three  days,  iMJ^aafl,  or  5,005,440 
cubic  feet  per  day.  As  the  filling  requires  237  cubic  feet  per  running  foot,  and  as  the 
greatest  loxsea  per  mnning  foot  and  per  day  that  can  be  encounterea  in  canals  appar- 
ently ghould  uot  exceed  30  to  40  ouhio  feet,  (for  it  is  evident  that  when  this  limit  is 
passed  there  can  no  longer  he  anyqnestion  of  feeding  without  enormona  expense,  and 
that  it  is  then  always  more  economical  to  commence  the  use  of  concrete  in  order  to 
rrduce  the  expendltare  of  water,]  and  as,  moreover,  the  ordinary  oonsnmption  dne  to 
louee  can  be  hat  little  more  than  10  cnbic  feet  in  a  canal  in  its  normal  state,  it  fol- 
Invs  that  if  we  establish  tbe  maximum  supply  from  the  feeders  in  accordance  with 
the  conditions  which  we  have  Jnst  indicated,  these  feeders  wiU  always  afford  an 
abundant  sapply.  The  cnbe  for  filling  beiug  'ZS7  cnbic  feet  per  running  foot,  it  is  ne- 
cnsary,  in  order  to  fill  in  three  days,  that  the  teeders  should  supply  per  mnning  foot  and 
per  day  ^  j^,  or  79  cubic  feet.  This  feeder  wonld  therefore  suffice  for  ordinair  feeding, 
eiecpt  when  more  than  Ti  cnbic  feet  per  running  foot  and  per  twenty-fonr  hoars  was 
reqnired. 

If  we  bad  to  deal  with  such  a  canal,  it  is  evident  that  it  wodM  be  necessary  to  make 
other  arraDgemenia  for  the  regulation  of  the  maximum  discharge  of  the  feeders ;  but 
vepityengineeranho  might  have  to  feed  it.  It  is  undoubtedly  well  to  establish  feeders 
Ki  as  to  be  largely  above  tbe  needs  for  feed-water,  bat  nevertheleas  thia  principle  must 
not  be  exaggerated  beyoDd  measare ;  for  from  It  would  reaalt  an  nnjaatifiable  increase 
in  the  cost  of  constmctiDg  the  works  connected  with  these  feeders. 

Besides  tbe  condition  which  we  have  Jnst  indicated,  we  think  that  it  is  well  that 
»eli  feeder  sboald  at  least  be  able  to  feed  tbe  length  of  canal  supplied  by  the  feeder 
next  below,  in  order  io  be  able  to  dispense  with  a  feeder  in  case  of  accidents  or  repairs. 
On  the  Bhine  slope,  as  the  t4>tal  length  from  the  first  water-supply  to  the  Waoken 
ehsnnel  is  only  36^  milee,  the  additional  cojidition  has  been  satisfied  that  each  feeder 
ihould  be  able  to  feed  all  the  canal  below  it.  Had  the  division  been  longer  and  tbe 
feedeis  &rther  apart,  thia  condition,  so  complete  in  all  respects,  could  not  have  been 
fnleiled. 

Let  na  fix  oai  Ideas  by  aymbola. 

Pf.Pt, I  t>D<  be  the  n  feeders  of  a  slope  ; 

Pk  one  of  thefbedera  between  feeder  vi  and  feeder  jin; 

Ij,  Ig ,  Im, lu,  tbe  length  of  canal  fed  by  each  one  of  these 

ci,  <^, ,  Cm >  Cq,  the  cnbes  of  water  conanmed  per  rnnaiag  fiM>t 

and  per  day  of  twenty-four  Louis,  for  the  total  sapplving  of  the  portlan  of 
canal  to  be  fed  by  each  feeder,  this  feeding  comprising  all  loues  of  every  kind, 
as  well  as  tbe  water  consumed  by  navigation ; 

di,ii ,  dm ,  (iu,  tbe  daily  discharges  of  the  feeders  in  order  to 

supply  the  neoeeaary  water; 

T  the  volome  of  watw  needed  per  running  foot  of  canal  for  filling  after  a  drain- 
age iu  which  tbe  canal  is  supposed  to  be  entirely  emptied ; 

K,  the  maximDm  number  of  days  allowed  for  filling  the  canal  after  a  drainage ; 

D|,  D) ,  Dm, ,  Dd,  tbe  daily  aupplies  that  the  feeders  sboald 

rive  In  order  to  refill  the  canal ; 
We  will  evidently  have  the  following  relations  between  these  different  quantities : 

di=c  r,        4=0,  h        da.=fm  r«        <f,>=c.i  h         (1) 

T  T  V  V 

D,=g(i  D,  =  j[r,  D™  =  g.fm  Du  =  ^'u  (8) 

*  It  mnst  be  onderstood  that  this  ii>  in  case  tbe  river  cs 
that  is,  during  ordinary  stages ;  for  iu  low  water  it  would  a- 
thHe  days,  and  would  require  at  least  five  or  six. 

AP.  B— «  ^  , 

D,g,L,zeclbyCK>OglC 


n  MctioQ,  that  of  o 

_ .^ „ np  to  another  feedi  .^  _,  _.   ._ 

ing  andeTBtoM  that  tbe««  two  feeders  are  comprised  belneeo  the  feeders  pi  aod  p^,  this 
coDditioD  as  to  its  supr'"  '■  ""^•"'^  ■^•-  •■***  /^n^— .:*.—  „an^^a^  A^nAt-iAn  /»  »Ak.*»_ 
Beuting  the  discharge  a 

Or,  ID  view  of  thecoaditiona  iiieqnatianH(l), 


Id  dutermining  the  maximum  discbarge  in  accotdaace  with  which  a  feeder  should  be 
Gonatracted,  we  shonld  choose  the  greater  of  the  two  valnee  Am  and  Do.  calculated  by 
the  two  eqnatioDB  (3)  and  (4).  Soppoee,  for  example,  titat  a  feeder  pi  ODgbt,  iuca^eof 
neceBgity,  to  feed,  besides  its  own  proper  section,  those  of  the  two  feeders  following— 
that  is,  up  to  feeder P4;  we  must  then  make  in  equations  (3)  and  (4)  m  =  1,  and  m'  =  4; 
and  they  will  become — 


Let  nn  now  suppose  the  following  numerical  values  : 

Cii=33  cubic  feet ; 
d  =  16  cubic  feet ; 
«o  =  19 cubic  feet; 
(,=33,000  feet; 
f,==  50,000  feet; 
fj  =  63,000  feet; 
Vi=S37  cubic  feet; 
K=3days; 
Whence,  by  substitution  in  the  two  equations  (5)  and  (6), 


By  conetTuctiug  tbe  feeder  pi  so  as  to  make  it  discharge  9,^07,000  cubic  feet— that  ix. 
as  much  aa  is  necessary  to  make  it  fulfill  the  cooditiou  of  repleuishiufc — it  will  more 
tiian  satisfy  tbe  other  condition.  If,  instead  of  the  numerical  values  given  above  for 
Ci,  Ci,  and  cs,  we  were  to  adopt  the  following : 

c,  =2  33  cubic  feet, 

Cj  =^  22  cubic  feet, 

Cj  ^  32  cubic  feet, 
the  other  quantities  preserving  tbesame  Dumericai  values  as  in  the  preceding  example, 
we  would  nave— 


It  wonld  then  be  necessary,  in  order  to  continue  to  satisfy  the  condition  of  the  ooca- 
aional  feeding  of  the  feed-sections  of  tlie  feeders  p,,  ^1,  Jh  b;  tbe  feeder  p,,  to  construct 
thia  feederjJiBotbatit  could  discharge  2,992,000  cubic  feet  in  twenty-fonr  hours.  More- 
over, it  is  evident  that  we  are  only  giving  examples  for  calculation,  and  that  we  are 
not  now  concerning  ourselves  with  the  relation  lietween  the  discbarge  of  tbe  feeder  and 
Uiat  of  the  river  wLence  its  waters  are  taken.  The  latter  question  must  evidently  be 
studied  on  each  water-course  in  accordance  with  tbe  importance  of  tbe  mills  wbioii  it 

Let  us  now  give  some  details  on  the  maooerof  determining  in  practice  the  quantities 

V,  K,  c,  Ci,  ft.  &.C. 
The  cube  Y,  per  rnnntng  foot  for  rcplcnisting,  varies  with  the  cccss-scction  of  the 
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umal;  for  the  croW'Sectioti  of  the  Morne-Rhine  Canal  it  ia  337  cubic  feet,  (22  cnbib 
meteis.)  The  nnmber,  K,  of  daye  that  we  wish  t«  devote  to  repleoishing  the  codbI 
depends  on  the  needs  of  navigation ;  it  is  generally  important  that  it  should  be  the 
einallest  possible ;  but,  on  the  other  hand,  we  cannot  lessen  it  below  certain  liniits 
Tithont  causing  currents  prejudicial  to  the  interior  slopes  of  the  canal.  In  ourwater- 
sDpplj  project  of  Hovember  12, 1851,  we  fixed  it  for  onrcalonlations  at  three  days;  this 
is  nearly  what  has  since  been  foand  In  practice  when  the  canal  was  repleaished  after 
tbe  drainages  of  liio3  and  1854. 

The  cnbes  d,  e^,  fa  of  the  consoaiption  per  rooning  foot  and  per  twenty-fonr  hoofs 
Tor  the  fall  supplying  of  the  diSerent  parts  of  the  canal  are  among  the  most  difficult 
ibings  to  determine  i  priori.  Tbe  losses  per  mnniag  foot  can  onl7  be  det«nniiied  by 
tiperience ;  but  when  a  project  for  a  canal  is  prepared  we  cannot  avoid  making  iinp- 
positions  concerning  them,  depending  on  the  nature  of  tbe  soil,  and  analogous  with 
nhat  have  been  given  by  soils  of  tbe  same  class  on  other  canals. 

Brisson  enppoeed  that  the  canal  would  lose  on  an  average  &  cn^io  feet  per  mnning 
foot,  (0.75  onbio  meters  permnning  meter  ;)  later,  11  cable  feet  (1  cable  meter  per  run- 
aing  meter)  was  allowed  in  the  first  stadies  fur  feeding  tbe  Vosge«  snmmit-level ;  bnt 
eiperieace  demonstrated  that,  when  the  more  important  tightenings  were  once  com- 
pleted, (and  we  mast  always  snppose  this  to  have  been  done,  if  we  do  not  wish  to  ob- 
Iain  enonDOOB  eipenditnresof  water,)  this  figure  was  too  largo.  Tbe  losses  since  the 
narks  execnttid  during  tbe  drainage  of  18.>],  while  we  were  on  tkis  service,  (as  was 
seen  in  cbap.  vii,  }  13,  table  No.  1,)  have  Qsnally  been  for  sandy  soils  3.6  onbic  feet  per 
rauning  foot  (*>-30  cabic  meters  per  running  meter)  in  twenty-ionr  hours,  and  for  argil- 
laceous soils  from  4.7  cable  feet  to  9.5  cubic  feet  per  ranning  foot  (ftom  0.44  cubic  me- 
ten  lo  0.88  cubic  meters  per  rnnninz  meter)  in  twenty-four  honre.  On  the  Central 
Caonl,  (Canal  du  Centre,)  M.  Camoy  allows,  (J#nale>,  1341:) 

Fanandy  soils 3.77 

i'at  sigillaceouB  soils . ..5.27 

On  the  Sonthem  Canal  (Canal  ifif  llidi)  the  mean  cube  for  all  argillaceous  soils  is. 5. 60 

n  the  Rhine  slope  in  this  kind 

In  ail  argillaceous  portion  of  the  Rh6ne-Rhine  Canal,  this  cnbe  was 4.93 

Taking  ibeniean  of  the  lost  three  quantitiea,  we  get  a  cube  of 5.  37 

For  sandy  soils  we  will  take  a  mean  of  our  results  and  of  those  admitted  by  M. 

tomoy,  which  gives ..3. ^ 

l^t  ns  with  M.  Como.v  odd  to  these  fignrea  0.43  cnbio  feet  (0.04  cobio  meter  per 
ruiiniDg  meter)  for  false  maneuvers,  and  other  causes  of  toss  independent  of  the 
losses  by  evaporation,  absorption,  and  filtrations  of  all  kinds  which  they  repre- 

eent,  and  we  obtain  for  aoDrty  soils. 3. 96 

Anil  for  argillaceous  soils 5.70 

Which  we  may  call,  as  a  maximam,  4}  and  0)  cnbio  feet. 

As  to  the  concreted  portions,  we  may  count  for  their  losses  from  0.54  cubic  fuet  (0,05 
cnbic  meters  per  rnnning  meter)  to  0.86  cubic  feet,  (0.09  cubic  meters  per  rnuniug  me- 
ter,) and  adding  the  0.43  cubic  feet  for  false  maneuvers  and  other  accidental  losses, 
from  0.97  cnbic  feet  to  1.29  cubic  feet,  or,  as  a  maximum,  1  cubio  foot  to  1.5  onbic  feet. 

The  abort  repreeenit  the  noi-mal  condition  to  vihich  a  canal  made  propertg  waier-tiglii  ought 
b)  comeiit  a/ew  jreur*,  bat  until  then  more  tenter  mast  befarniahed,  and  we  thittk  thai  inadopt- 
i'9  ia  1^  esftntafes  of  a  prelininars  project  the  figure  for  the  average  oonaumption  o/ll  ohCjo 
firt  per  running  foot  in  iieentg-foar  hoars,  [  1  cabic  meter  per  running  mel^,']  loe  will  gener- 
a"y  ie  on  the  K^e  side  at  to  /iral  seceamliet,  and  ice  uiiU  eoneegamtig  have  more  reaovroei  than 
it  a  later  period  Kill  be  required  for  the  ordinary  lupplg.  To  these  figures  of  the  consump- 
tion of  water,  which  represent  tbe  average  loss  per  ranning  foot  doe  to  losses  of  all 
kinds,  we  mast  add  the  consumption  of  water  per  ruuniug  foot  dne  to  tbe  special 
movements  between  the  porta  situated  on  the  slopes,  to  dinerenoes  in  capacity  of  the 
locks,  and  to  the  assemblage  of  boats  in  the  short  levels.  The  elements  of  the  calco- 
Utious  to  be  made  to  determine  tJiese  expenditures  have  been  given  by  M.  Comoy  ' 
Thesscalculations  will  always  be  somewhat  hypothetical  as  to  tbe  first  and  the  third  of 
Ibose  canses  of  consumption  of  water,  but  nevertheless  they  will  determine  in  a  suffi- 
ciently approximate  manner  the  total  daily  consumption  of  water  dne  to  the  navigation 
wmprised  between  two  sources  of  supply,  and  by  dividing  it  by  tbe  length  we  will  have 
ibe  consumption  per  rnuniog  foot,  which  must  he  adde*!  to  the  figures  which  we  have 
Jnst  given  for  the  consumption  due  to  losses  of  all  kinds.    The  sum  of  these  two  quan- 

liliee  will  give  the  qnantitiesci,c>,cj ,  and  we  will  thus  have  all  the  elements 

teixmury  in  order  to  calculate  tbe  maximnm  discharges  of  the  feeders  of  the  slopes, 
«pd  coDsetiuently  to  determine  the  cross-section  and  the  grade  of  the  feeders,  as  also  the 
discharges  of  the  Bctrance  valves.    All  this  preseuts  a  chain  of  calculations  vtry  oom- 
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plicated  in  appaamiice,  bat  wbich,  id  fact,  occasion  no  diSSculty  iu  their  details.  Ink 
preliminai?  project  It  is  impoaslble  to  determine  the  qnantitiea  oi,  0| . . . .  exactly,  Bince 
we  haTB  only  liTpotbetioat  dau  on  the  coDsnmption  of  wat«r  dae  to  the  navlgfttloa 

J  roper,  hd  <p<  think  that  in  adopting  Jtom  13  to  16  oubie/eet  per  naming  foot  i»  ttBen^fimr 
amrt  (iM  imUe  meter*  to  l.hO  cable  melert  per  running  nteter)  for  tht  total  conmatptionae 
far  a*  eoneena  tlit  ilopr*,  imt  not  the  tammit-letet,  we  will  tiever  ie  in  danger  of  making  a 
nufoJ^.  For  the  ennim it-levels  it  is  always  prudent  in  a  preliminary  project  to  cal- 
culate everything  at  the  maximnm,  both  tbe  losses  and  the  consumption  due  to  the 
passage  of  boats.    If  n  deeignates  tbe  maximum  nambei  of  boats  irblch  we  Bupposs 

will  pasH  through  the  Bummit-level,  -  •' •-  "*  -  '"-' ^  •*■"  '-—-••  "*■  "■"  — — "!• 

level,  tbe  cube  of  watec  cousDmed  b 


and  if  «  Tspresents  tbe  cnbe  allowed  per  ruoniog  foot  for  the  losses  of  all  kiuda  of  tbe 
sammit-level,  me  mil  haw  for  the  ralut  of  the  total  cube  C  ootttuwed  per  running  foot  <>f 
the  (nmait-levcl — 


If  we  admit  0=^11  cubic  feet  as  tbemasimum,  which  appears  entirely  sufflcieut  ia 

euerai  for  tlie  flTst-waots  of  a  canal  whose  worst  portious  have  beeu  made  tight 
fore  water  was  admitted,  and  if  ia  addition  we  assume  the  case  of  tbe  loclisof  the 
Marne-Rbine  Canal,  whose  average  lockage  is  17,SS8  cubic  feet,  (500  cubic  meters,)  we 
will  have — 

C  =  11  +  2S>1! 

We  will  generaliy  assume  for  n  the  maximura  anmber  of  boats  that  can  pass  tbrcngli 
a  lock  in  a  day  of  twelve  hours,  plus  a  part  to  pass  through  in  tbe  night.  In  our  pro- 
ject for  water-snpply  of  November  12,  1651,  we  allowed  forty-flve  boats  in  twenty-four 


jdbyGoOglc 


1 

1 

i  J 

E 

a 

^ 

1 

1' 

, 

-1 

1 

11 

ii 

Is 

'&; 

oi 

1 

i     ■ 

1 

1     i 
1 

jl 

I 

s 

H 

H 

3* 

^  t 

01 

"S 

il  il 

<ji 

d 

|i 

II 

ll 

mm 

ill! 

-Hl| 
111 

i 
1     ' 

fsl 

■i     s 

■J 

1 

% 

d      si 

i  1 

1 

1 

t 

1 

■J 

!! 

! 

i 

=* 

Bh 

if 

1*1 

]^ 

■i 

1= 

Ifl 

s 

g     B 

! 

5 

i;i 

% 

^     i 

S 

! 

1 

sSi 

■s 

^     4- 

^' 

ex 

5 

i'^g^'3 

e 

~d     d~~ 

^ 

d"     1 

Js 

isr=i5 

■i 

■5        -^ 

i 

^ 

lli 

liMI 

i 

3 
a 

i 

IK 

i-;ii!is 

^. 

1        1 

B 

5    ■ 

±-L 

lisiiii 

Q 

a"     (^ 

} 

11 

p 

1. 

1 

ilil 

ill   i'l 

Ij 

i 

■5 

1 

1 

i 

Ii 

3 
1 

\  1 

izidb.  Google 


This  table  abowa,  by  coui[)ariaoii  of  tlie  values  of  di  d;  di  o 
colu[Dna4,5,and6,  tbat,  as  far  as  regards  tbe  daily  aiipply,  wi 
of  1851  for  the  n-atei-aupply  sufficiBntlj-  large  data,  irhicbhn 
tice.  For  all  tbe  feeders  of  the  Rhine  slope  the  average  dischargea,  after  the  drainage 
in  lBo4,  have,  in  fact,  been  less  tbao  those  which  ire  calculated  in  our  project  for  the 
water-supply. 

We  see  tbat  from  the  end  of  the  drainage  of  1353  to  tbe  begtouiiig  of  tbat  of  1854, 
the  foor  feeders  hnve  never  discharged  iu  all  (for  losses  and  tbe  navigation  on  the 
slope)  more  tbao  ^,527,930  cubic  feet  in  twenty-four  hours,  and  aa  tbe  total  length  feil 
1);  these  feeders  la  170,331  feet,  (33.95  miles,)  we  see  that  the  maximum  value  of  tbe 
average  water-supply  perrauniug  foot  in  twenty-four  boura  has  not  exceeded  on  tbe 
Bhine  slope  ^W^i  or  U.33  cubic  feet,  and  that,  after  the  drainage  of  ld64,  this  aver- 
age consnniptian  was  -V^A'f  i  or  6.69  cubic  feet  per  running  foot  and  per  day,  and  thin 
result  was  obtained  one  year  afler  the  final  openiog  of  navigation  on  tbe  canal.'  fie 
tkertforebeliece  that  ic«  are  Acarmiiledin  lagiag  that  in  admitting  In  a  prelintinarg  projai,  a» 
tee  MXt adeited aimve,  (he  numbers  13  to  IG  calric feet pfrrunnivg  foot (IJHi  to  l.SOcuAJc  melera 
per  runNing  meler)  for  the  total  maximam  coniiimplion  in  Ucmty-four  ioiire,  {on  Hie  ilopa, 
including  iht  consamption  due  to  the  harbors  or  baaira  on  the  alopee,)  ire  irill  nertr  ritk  ruit- 
ning  $hart  tchen  our  reaourcea  \are  been  calcutaled  on  lliae Jigurea. 

Many  canals  in  France  have  yet  much  room  for  improvement  in  tbe  snpplr  of  water. 
This  reault  must  in  a  great  measnre  be  attributed  to  fbe  unfortunate  idea  of  the  times 
in  which  tbey  were  built,  of  accumulating  nil  resources  at  the  aummit-levelB,  (a  fault 
very  dlfUcnlt  of  reparation,)  and  consequently  underestimating  the  losses.  At  presout 
tbe  opposite  ideas  rule ;  they  are  certainty  more  correct ;  bnt,  nevertheless,  tbey  must 
not  be  pushed  too  far  for  fear  of  dragging  the  government  into  expenditures  out  of 
proportion  to  tbe  resnlta  to  beattaiueil.  It  i>,  then,  a  proper  limit  fa  ntainlain,  and  ire 
think  iticill  generally  be  correct,  to  allow  iu  aprojeclfor  a  canal  from  12  (o  Ih  miles  at  the 
leaat  distance  beticeen  tico  aucceaeive  feedere,  and  for  the  total  eonanKption  of  maler  on  the 
alopes  (chap,  riii,  $  2,  art.  2)  in  the  first  trials  afler  the  admission  of  trater,  including  fhereiB 
the  conaniaptitm  due  to  the  local  Kovements  in  basins  or  ports,  the  figures  of  from  13  to  16 
cubic  feet  per  running  foot  in  tjcentg-four  hours  ;  for  the  consumption  due  to  loaaea  the  figure*  ' 
of  from  e  to  11  cubic  feet  in  the  firat  moniha  afier  (he  adnuaaion  of  vater,  and  from  4  to  6 
cubic  ftet  after  the  canal  has  nearly  arriced  at  its  normal  state;  and,  lastly,  for  the  conaamp- 
fion  of  a  »UMmit-le\:el  per  running  foot  and  per  ttcenty-foar  ioars,  the  figures  of  from  11  cmSic 
feet  +%^  la  5  cuMcfeet  +  -^  according  to  the  stale  of  irater-tightiiess  of  this  level.nbring 

the  moj^mum  number  of  boats  assumed  to  [tats  in  a  day,  L  the  length  in  feet  of  the  lummif- 
letel,  e  the  cube  of  the  lockage,  or  the  priaiu  of  lift  contained  in  the  chamber  of  the  type  of 
lock  adopted  for  the  projected  canalA 

We  think  that  u.v  balancing  the  eijwnditures  aud  supplies  of  water  on  this  basis 
there  will  be  no  danger  of  mistakes  iu  the  future,  ami,  if  we  hane  to  deal  tcith  aportion 

%  canal  which  is  entirely  concreted,  we  think  from  2t  to  S-l  milea  can  be  permilled  betu>een 
sJct-s  rcithont  iMconrenimee,  aitd  that  u-e  can  allomfor  a  total  expenditHre  of  water  froi 
'    "      '■    '   ■  •      '    1 1^  alope,  including  local  narigation,  and  from  I  loliciibicj 

a  concreted  8i(«iini(-;ef«i  un  txpendilure  eqnal  to  S  ciiftic  feci 
-per  Tunningfoot  in  ticeiilg-foar  hours;  but  it  mutt  be  thoroughly  undergtood  thai 


Article  3. — Statement  rffthe  chief  calculatiom  rtlatire  to  waler-iupplg. 

When  tre  know,  on  the  onehand,  the  cube  of  water  daily  furnished  by  the  feeders,  and, 
on  the  other  hand,  the  cuhe  of  water  coDsnmed  by  the  local  navigation  of  a  slope,  it  is 
easy  to  deduce  f^om  these  the  mean  daily  discharge  due  to  loases  of  all  kinds  in  the  sec- 
tion supplied  by  each  feeder.  In  a  summit-level  thisia  aCill  more  simple;  for  it  is  suffi- 
cient to  deduct  from  the  total  volume  poured  by  the  feeders  into  the  level  during  twenty- 
four  hours  the  number  of  lockages  which  have  been  drawn  from  this  pool  at  each  end, 
and  it  is  the  simplest  thing  possible  to  take  account  of  the  consumption  due  to  navi- 

Sation  by  simply  counting  the  number  of  times  tbat  the  locks  are  need.  For  tbe  slopes, 
y  keeping  the  same  accounts  at  all  the  locks  lying  above  the  levels  that  have  feed- 

"The  discharges  of  the  feeders,  which  were  assumed  in  the  pretiniinaty  project,  (col- 
umn 4  of  the  aljove  table,)  give  a  total  cabe  of  1,867,1^7  cubic  feet,  which,  divided  by 
the  length,  179,231  feet,  gives  a  cube  per  running  foot  of  10.42  cubic  feet,  which,  as  cau 
be  seen,  is  still  much  greater  than  the  actual  cul>e  iu  practice. 

t  It  is  evident,  however,  tbat  this  consnmptiou  does  not  embrace  the  supplying  of 
those  parta  of  the  slopes  which  are  fed  by  the  summit-level.  Tbe  consumption  of  these 
portions  must  be  added  t«  obtain  the  total  consumptiou  of  the  suuimit-level. 
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«rs,  we  obtain  the  means  of  calcalatinK  exactly  hon-  much  navigation  takes  frata 
and  bow  mncb  it  icetorea  to  tbe  aectious  correepoadiDx  to  each  feeder.  A  specimen  trf' 
tbiB  calculation  baa  already  been  given  in  article  I  of  ^  10  of  cbap.  vii. 

To  make  the  table  wbicb  recapitulates  the  dischargee  of  the  feeders,  it  is  snfBcient  to 
calculate  the  ganginzs  which  result  from  the  daily  notes  oonceming  these  feeders. 
These  gangings  should  be  cegnlated  hy  detailed  instrnctious,  in  order  that  the  agents 
may  make  them,  and  forward  them  each  week,  all  made  out,  to  the  local  engineer,  who 
has  only  to  verify  them.  In  a  service  where  there  are  many  feeders  it  is  impossible  to 
do  otherwise,  if  we  wish  to  keep  the  work  up  to  date.  The  formulas  to  be  used  ought 
always  to  be  given  for  each  kind  of  flow,  with  speoimen  oaloula Lions,  in  order  that  a 
person  may  make  them  without  being  a  mathematician. 

We  give  below  the  model  of  the  recapitulative  statement  wbioh  we  caused  to  bo 
prepared  every  quarter  in  order  to  keep  us  advised  of  the  movement  of  the  waters  of 
the  Voeges  summit-level.  This  statement  shows  on  the  one  hand  the  total  cubes  fur- 
nished by  the  feeders  during  the  three  months,  and,  on  the  other  hand,  the  cubes  con- 
sumed by  the  canal,  Bo  that  there  oaglit  to  be  nearly  a  balance  between  the  final  totals 
of  these  two  series  of  discharges.  However,  we  used  the  word  nearly,  because  it  is 
impossible  to  expect  that  the  two  series  of  operations  should  give  results  entirely  iden- 
tical. Here  is  one  of  the  recapitulative  statements  whose  form  may  be  useful  to  per- 
sons who  may  have  to  make  these  calculations  on  water-supply : 
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The  calcalationa,  and  tbe  record  of  actual  experience,  vbicb  are  given 
in  the  above  traDslation  are  believed  to  be  a  full  jaatification  of  tbe  fig- 
ures of  n-ater-cousnmption  which  have  been  adopted  on  tbe  extension  of 
the  Chesapeake  and  Ohio  Canal.  For  more  convenient  reference,  I  bare 
consolidated  the  above  experience  in  the  following  table,  which,  it  in  be- 
lieved, will  be  useful  to  engineers  in  charge  or  canal  constrnction  or 
maintenance. 


Canal  i^i/ftt  loiife  al  inittr-U»e,  33 /eel  aide  at  lotCom,  and  having  5i/eel  of  tcaler. 
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In  assaming  for  the  extension  of  the  Chesapeake  and  Ohio  Canal  it 
coDBQDiption  on  slopes  of  42  cubic  feet  per  mile  per  piinnte,  which  is 
11 J  (more  exactly  11.42)  cubic  feet  per  running  foot  in  twenty-four  hours, 
wo  have  exceeded  the  allowance  given  in  the  third  colnmn  for  ordinary 
canals,  but  are  somewhat  under  the  fignres  given  in  the  fourth  column. 
The  reason  for  this  is  given  in  Colonel  Sedgwick'H  portion  of  this 
report,  but  it  may  be  well  to  again  call  attention  to  the  fact  that  tbe 
nature  of  tbe  country  between  Cumberland  and  the  summit-tannel  is 
such  that  it  is  highly  improbable  that  there  will  be  uny  considerable 
local  navigation  (navigation  that  does  not  ascend  to  the  summit- level) 
above  Jennings's  Eun,  and  for  the  slope  between  the  latter  place  and 
Camherland  a  special  reservoir  will  be  bnilt  which  it  is  believed  will 
supply  the  excess  of  water  needed  on  this  portion  of  the  canal. 

It  is  well,  however,  to  look  at  tbe  worst  possible  case,  and  see  what 
can  yet  be  done  should  we  fail  to  obtain  a  sufficiency  of  water  for  a 
canal  with  earthern  embankments,  built  in  accordance  with  the  usual 
methods.  The  second  line  in  the  foregoing  table  shows  that  a  canal 
tightened  by  concrete  loses  only  about  one-fourth  as  much  water  as  tbe 
ordinary  type  of  canal.  Tbe  use  of  concrete  is  nndoubtetlly  expensive, 
bnt  it  is  believed  that  in  the  majority  of  eases  it  is  both  cheaper  auil 
preferable  to  spending  large  sums  on  additional  reservoirs.  In  some 
cases  it  will  evidently  be  the  only  possible  resort. 

The  following  translation  from  Graeff's  work  shows  bow  a  canal 
should  be  concreted,  and  the  results  that  may  be  expected  : 
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^Id  tb«  tbitd  Hnbdiviaion  of  tbe  cRual,  wbicb  nas  undf r  our  cliarg^  »s  local  ecKioeer 
from  16bt,  tLree  nielboda  of  making  water-licLt  were  used, deiieiidiog  npon  tbc  dccrco 
of  iniportaiica  of  the  losaes — coucrete,  paddnug  iritb  eartb,  and  sand.  All  portions 
that  ancc«s8ive  trials,  by  adiniltiDg  water,  bad  sbown  could  not  be  tigbtened  other- 
n'ise,  were  tigbteoed  with  coDcret»,and  tbe  losses  in  SQcb  cases  were  geuerall.y  greater 
Ihaa  33  cubic  feet  perruaniDg  foot  (3  cable  meters  per  rDnniog  meter)  in  tweniy-four 
bonni.'  Puddling  with  eartb  was  used  for  ordinary  tightening  where  tbe  losses  varied 
from  '£2  to  32  cubic  feet  per  running  foot  (2  to  3  cubic  meters  per  running  meter)  ia 
tweuty-four  houtii.  Lastly,  when  the  loss  was  not  greater  tban  S'i  cuhic  feet  per  run- 
ning loot  in  twenty-four  hours,  only  snnd  and  muddy  water  were  used.  The  above 
was  the  usual  course ;  but  it  was  sometimes  modified  by  special  circumstances.  Wliea 
a  section  uf  the  canal  did  not  lose  more  than  3  cubic  feet  per  running  foot  (0.30  cubic 
meter  per  running  meter)  in  twenty-fonr  hours,  it  was  considered  as  baring  oiitaiaed 
its  normal  condition,  and  nothing  more  was  done.  Wbeii  the  Ions  did  not  exceed  5 
cubic  feet  per  running  foot  (0.50  cubic  meters  per  running  meter)  in  twenty-four  boura, 
it  was  concluded  that  it  would  improve  in  tightness  of  itself,  and  if  auvthiu);  at  all 
was  done  it  was  some  small  operations  with  muddy  water,  whenever,  after  the  expi- 
ration of  a  certain  time,  tbe  loxses  had  not  diminished. 

To  gauge  the  losaea,  and  to  determine  their  importance,  ditches  were  dug  at  tbe  feet 
of  tbe  outer  slopes,  and  their  contents  were  united  in  a  single  principal  ditch,  wbich 
carried  them  to  the  nearest  water-course  ;  in  this  ditch  a  small  dam  was  made  by  a 
Kiuglo  plank,  and  the  losses  were  gauged  by  tbe  Haw  over  this  dam. 

l.—AIaUiig  tealer-light  iy  eoiicrf(e. 

lu  tiBhtenine  tbe  canal  by  concrete  tbe  methods  and  the  cross-section  successfijlly 
employed  in  tbe  first  subdivision  of  the  canal  by  M.  Mal^zieuxt  were  used;  tlie 
normal  arraDgemeota  of  this  cross-section  are  indicated  by  Fig.  21,  Plate  F.  Tlia 
concrete  revetment  is  <i  inches  tbicic  on  the  floor,  and  4  inches  at  its  upper  ends  on 
tbe  side-slopes ;  it  is  covered  by  a  cope  (chape)  tbree-fcmrtbs  of  an  inch  thick,  on  top  of 
wliicb  there  is  a  foot  of  earth,  which  necessitates  an  excavation  below  the  floor  of  tlie 
caoal  of  about  19  inches. 

Tbe  depth  of  earth  can  be  advantngennsly  reduced  from  1  foot  to  S  inches;  this 
arrangement  siifflcientiy  protects  the  concrete,  and  leaves  the  top  of  the  earlh-revet- 
luent  at  4  inches  below  the  normal  level  of  the  bottom.  1 

Id  the  portions  where  we  had  at  our  disjiosnl  fine  gravel  for  concrete,  we  reduced  the 
thickness  of  tbe  ooucrete  revetment  of  the  bottom  from  the  6  inches  of  the  normal 
cross-section  to  4  inches,  and  fur  the  upper  pails  of  tbe  side  slopes  from  4  inches  to  3 
iuobeo.  Now,  these  revetiiieuts  have  succt&leil  just  as  well  as  the  others;  we  there- 
fore believe  that  when  the  concrete  is  made  of  fine  gravel  the  thickness  on  the  bottom 
can  be  reduced  to  4  inches  without  iucouvenieuce,  aud  that  thus  a  very  marked  saving 
can  be  realized  in  tbe  price  per  mnniDg  foot.  When  broken  stone  ia  used  for  making 
concrete,  the  tbicknees  of  4i  inches  «*ma  to  be  the  Iraat  that  can  be  permitted  on 
tbe  bottom.  These  limits,  however,  only  apply  to  eases  where  the  earth  has  finished 
nettling. '  When  further  settlement  is  to  be  apprehended,  the  thickness  of  G  iuchen 
appears  to  be  a  minioiuni,  and  this  thickness  has  been  increased  to  7  and  even  to  \i 
inches  In  our  concrete  work  on  the  fresh  earth-works  of  the  Arschwlller  descent.     It 

*  There  are  portions  of  the  summit-level  which  lost  14l)  cubic  feet  per  runniiig  foot 
(13  cubic  meters  per  running  meter)  in  twenty-four  hours,  according  to  gaiigings  of  the 
apparent  losses  only,  and  in  the  Arschwiller  descent,  portions  which  lost  fromiilo  to 
ail  cubic  feet,  (20  to  30  cubic  meters  per  moning  meter.) 

tM.  Mat^zieux  has  pnblisbed  n  very  good  account  of  these  works  in  the  Anmile*  Ha 
Fouls  tt  Chaut>^$,  1S56.  This  chapter  was  written  at  that  time,  aud  we  have  notbing 
to  change  iu  it;  we  have  only  abbreviated  tbe  detailed  description  of  constmction, 
wbich  would  have  duplicated  M.  Malfizieus's  work. 

t  As  the  bottoms  of  canals  tend  to  rise  by  tbe  de]>oeitR  which  are  always  brought  in 
by  the  feed-water,  it  would  be  advantageous  U>  keep  the  botloin  throughout,  and 
especially  in  tbe  levels  adjoining  the  feeders,  lower  than  the  normal  level  that  it  ongbt 
to  have,  in  order  to  obtAiti  tbe  established  draught  of  water;  thus,  for  a  depth  of  5 
feet  3  inches,  as  is   maintained   in   the  Mame-Rbine  Caoal,  it  would  have  been  a 

Eood  thing  to  have  placed  its  bottom  at  5  feet  7  inches,  and  even  at  5  feet  11  inches, 
elow  ibe  water-line.  This  eicellent  arranf^meut  is  only  fonod  tn  a  portion  of  tbe 
former  division  of  M.  Guerre,  between  Wilwisbeim  and  Strasbourg.  In  couscqnenco 
this  section  of  the  canal  has  thus  tnr  avoided  tbe  dredging  which  it  bas  already  been 
necessary  to  do  in  several  others. 


i.,:lv,  therefore,  be  admitted  that  the  limltins  thickness  of  the  bed  of  concrete  will 
varr  beiiTMD  4  and  S  inches,  aceordiug  to  the  more  or  lew  solid  oature  of  the  goil 
u'liich  is  to  be  covered.  We  do  not  mean  to  sn.T  that  a  bed  of  9  inches  will  break  any 
ItM  readil;  than  one  of  4  iDDhes  if  there  are  aerioiis  settlumeote ;  it  is  clear  that  this 
t-^trathickuees  will  not  prevent  it;  bat  with  thicker  beds  the  repair  of  fiusiires  ismucli 
ij^krniade  tiian  with  thin  beds,  and  this  in,  ia  onr  opiijion,  the  sole  reason  forgiving 
ilif>ni  the  preference  on  new  earth-works. 

Tbe  eiperimeiita  which  we  made  with  concrete  4  inches  thick,  ia  places  not  liable 
<"  wtlle,  when  we  had  good  grai-el  at  baud,  and  the  nndonbtefl  snccess  of  the  opera- 
tions, made  iis  think  that  the  thickness  could  be  still  further  rednced,  and  with  them 
tilt  cost  of  the  work,  (which  is  the  St  ambling-block  of  the  system  of  tightening  by 
miitrete,)  by  entirely  sappressiug  the  concrete,  and  only  emplojing  ordinary  mortar. 
Au  f\|i«Limeut  on  a  large  scale  would  hare  necessitated  a  special  authorization,  and 
time  was  pressing  during  the  drainage  of  IS54,  when  the  idea  occurred  to  us;  there. 
Iiiir  n-e  coiild  not  have  this  trial  made;  and  after  the  drainage  of  18.i4  there  «>>» 
iiiiihiiig  left  in  onr  division  that  re<inired  concrete,  so  that  the  system  in  question  contd 
i:iil  succeed  in  getting  a  trial  on  this  canal ;  hot  we  nevertheless  made  a  trial  in  an 
I'smvaled  trench  3  feet  3  inches  sqnare  at  bottom,  whicli  we  arranged  with  the  same 
iDclinaiioD  of  aide-slopes  and  height  of  banks  as  the  canal,  and,  by  means  of  whet  was 
Irfl  of  the  lime  used  dnrinE  the  drainage  of  1654,  (an  nnfavorable  circumstance,  since 
iliis  lime  was  ten  months  old  when  we  used  it,}  we  treated  this  trench  as  follows :  In 
ite  first  place,  all  projecting  atones  were  removed  from  the  side-slopee,  and  after  the 
tinb  had  been  sprinkled  with  whitewash,  there  was  spread  on  it  a  first  layer  of 
[.lOTtar  about  14  inches  thick,  made  with  coarse  sand.  This  layer  was  treated  hv  the 
DLelbods  of  puddling,  which  wilt  be  explained  farther  on,  and  on  top  of  it  was  placed 
i\  cope  (rhave)  of  lime  mortar  three-fourths  of  an  inch  thick,  as  on  ordinary  concrete- 
work.  The  whole  was  then  oovei-Bd  by  a  layer  of  earth  one  foot  thick,  and  water  was 
adnitted  to  adeplh  5  feet  3  inches,  the  depth  in  the  canal.  Now,  this  trench  holds 
rater  as  bermetiually  as  a  not,'  <excase  this  phrase  from  the  workshop.)  and  conse- 
quently we  must  believe  that  this  new  method  of  tightening,  which  costs  less  than 
half  as  much  aa  ordinary  concret«-work  of  7  inches  in  thickness,  including  the  cope, 
may  sometimes  be  used.  We  believe  that  it  will  certainly  sncceed  on  all  divisions 
either  in  excavation  or  embankment  where  final  settlement  haa  already  taken  place ; 
that  is  to  say,  everywhere  where  there  are  no  longer  any  movements  to  dread.  Now, 
tkere  ore  many  portions  of  canal  of  this  charact«r  that  require  tightening,  and  where, 
ID  fODsequence,  we  conid  employ  this  cheap  method,  and  yet  arrive  at  the  same  resultn 
ai  by  making  mnch  more  costly  concrete.  Lastly,  it  wonid  be  Just  the  thing  for  tight- 
eciug  feeder  or  irrication  canals.  As  these  kinds  of  caaals  have  uinch  less  depth  of 
^atet  than  navigation  canals,  it  seems  to  ns  certain  that  the  system  would  there  snc- 
cerd  Id  every  particular  in  the  moat  complete  manner. 

Oa  verv  wet  divisions  we  build  under  the  concrete  little  dry-stone  chantiels  of  H  by 
-  ciou-section,  (half  of  Fig.  Ul,  Flale  F,)  covet«d  by  a  plank  fi-om  Ij  to  li  lochias  thick, 
no  which  the  concrete  rests,  and  these  little  conduits  of  siihterraoean  water  are  leil  to 
'be  fiist  culvert  under  the  canal,  into  which  they  are  mode  to  empty.  In  addition. 
"ben  it  becomes  necessary,  the  natural  surface  is  traversed  by  transverse  chaouels  of 
the  ume  section  as  the  loiigitudiaal  channels  with  which  thoy  connect.  This  method 
nf  draining  has  for  its  object  to  prevent  the  concrete  from  being  wet  when  it  is  put 
m  place,  which  is  the  most  important  matter  possible  where  such  thin  layers  are  used. 

When  there  are  strong  andenjressnres  to  fenr,  vent-holes  with  clack-valves  are  placed 
in  these  little  channels,  and  thus  the  outniile  waters  are  permitted  to  enter  the  causl 
itbenever  their  pressure  is  greater  than  that  of  the  c;lna^wate^.  This  condition  oo- 
<nrrBd  in  level  No.  51,  near  Strashonrg,  at  the  time  of  the  great  Rhine  flood  of  ISTiS. 
Kigures  24, 25,  26,  and  27,  Plate  F,  give  the  details  of  the  vent-holes  which  we  had 
I'iaeed  in  this  level;  they  are  placed  in  the  bottom,  aud  at  the  feet  of  the  side  slopes 
<if  the  csnol-trnuk. 

When  the  whole  of  the  cross-section  is  not  concreted,  which  may  happen  when  there 
i-  a  certainty  that  the  losses  do  not  estend  over  the  entire  width,  it  is  necessary  at  the 
end  of  the  concrete  to  make  a  little  guard-wall,  likewise  of  concretA,  one  foot  deeper 
'baa  the  general  layer,  and  one  foot  in  width,  in  order  to  prevent  the  water  from 
fiauking  this  layrr ;  this  is  what  we  did  in  some  portions  of  the  thirtieth  nod  thirty- 
•^ceDth  levels.  These  partial  concretiugs  are  to  be  recommended  especially  in  cases 
i>'here  the  engineer  knows  his  ground  perfectly,  aud  where  he  himself  did  the  work  of 
I'oustnicting  the  canal.  Moreover,  the  joining  an  old  concreting  to  a  new  one  is  easily 
•Reeled ;  care  is  taken  to  dress  the  joint  with  a  chamfer,  to  wash  it,  and  to  prime  it 
■ith  a  good  layer  of  mortar  three-fourths  of  an  inch  thick,  against  which  the  nen^  con- 
crete is  placed  and  strongly  rammed  ;  care  is  then  taken  to  make  the  new  coat  overlap 

'  Elefore  the  mortar  was  applied  the  trench  rapidly  lost  all  the  water  that  was  put 
into  it.  This  mortar-work  was  still  in  esietence  in  ISoC,  near  lock  Ko.  33,  aud  the 
Ktateinent  could  lie  made  that  since  this  economical  coverlug,  the  trench  bad  absolutely 
ODiylost  tho  water  which  evaporated.  '  ' 
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the  old  one  ao  aa  to  perfeotlj  cover  tbe  Joint.  If  «fterw»rd  the  engineer  should  find 
that  be  bad  made  %  mistake  in  making  a  partial  concreting,  he  can  complete  it  dorioe 
tbe  next  drainage ;  in  tbat  case  there  are  some  additional  contingent  eipeuaeB,  and 
tbe  loss  of  tbe  concrete  of  the  little  gnard-walls,  which  limit  the  partial  sectian  nad 
become  naelees  as  soon  as  the  whole  section  is  concreled.  However,  we  must  not  uo- 
reasonabl; exaggerate  the  disadvantages  of  this  method.which  sDoceeds.and.conso- 
qnently,  is  a  frreat  economy  when  the  soil  is  thorooghly  known,  and  which  may  fail  in 
tbe  first  Instance  without  cansing  any  great  increase  of  cost  in  the  works  repaired  to 
complete  It ;  it  often  permits  the  fixed  and  limited  amonntof  an  appropriation  to  a.ttain 
a  first  lesnlt  over  a  greater  length,  which  is  subsequently  completed  by  the  credits  of 
Ihe  following  appropriation  in  those  portioos  tbat  are  defective  ;  but  for  this  parpoee 
it  is  neceBsary  to  be  very  well  acquainted  with  tbe  soil,  under  penAlty  of  running  tbe 
risk  of  only  attaining  insignificant  results  by  this  first  operation. 

Let  us  give  an  example  of  the  snocess  of  a  partial  operation  which  we  caosed  to  be 
execnted  in  tbe  thirtieth  level  over  a  length  of  I.IBO  feet.  This  level  ba«  tbe  tratitt- 
verse  profile  No.  9  hU.  (Fig.  17,  Plate  B.)  In  this  1,180  feet  many  large  leaks  -n-ern 
observed  which  made  tbeir  way  into  the  Zorn  at  tbe  foot  of  the  side  slopM  of  tbe  Lat- 
zelbourg  road.  When  the  canal  was  emptied  daring  tbe  drainage  of  18a4,  it  was  seen 
that  tbe  water  was  ingulfed  in  tbe  excavated  slope  on  the  tight  hand  by  crevices  in 
tbe  slope  and  in  the  bottom.  Tbe  slope  on  the  left  hand — that  is,  tbe  alope  in  embaok- 
ment — was  entirely  intact,  and  borings  made  in  it  shotted  tbat  the  embankment  ^vaii 
very  good.  Only  the  slope  in  excavation  ou  tbe  right  band  and  the  bottom  were  con- 
creted, and  when  water  was  re-admitted  into  the  caual  all  the  cracks,  witbonc  any  ex- 
ception, had  disappeared.  In  another  portion  of  this  level,  concreting  was  only  done 
on  the  right-hand  slope,  and  on  3^  feet  of  the  bott4>m  at  tbe  foot  of  thia  slope,  thrau|rh 
a  length  of  6*^5  feet,  and  this  operation  was  Jast  aa  sncoeesfal  as  tbe  preceding  one. 
Therefore,  there  was  realized  in  the  first  |>ortion,  by  the  arrangemeots  adopted,  an 
economy  of  i!5  percent.,  and  in  the  second  an  eoonomy  of  TO  per  cent.,  over  the  cost  or 
concreting  the  whole  cross- section.  There  are,  therefore,  case*  In  which  tbp~e  should  hn 
no  hesitation  in  concreting  part  of  the  cross-section.  This  method,  wisely  combined 
with  that  of  concreting  the  whole  section,  will  enable  the  use  of  concrete  for  making 
water-tight  to  become  a  very  admissible  operation  as  regards  expense,  while  at  tL« 
same  time  retaining  for  it  an  incotiteatable  superiority  over  all  other  methods. 

In  those  portions  where  the  trunk  was  between  walls,  and  where  the  bottom  lost 
water,  we  caused  this  bottom  to  be  ooncret«d  with  layers  of  tbe  same  Ibickueas  aa  for 
the  ordinary  cross-section.  Figs.  15  nnd  30.  Plate  H,  show  these  arrangements.  Tbo 
thickness  was  inaresBed  to  7  iucbes  in  tbe  Arscbn'ilier  deacent.  It  is  necessary  to  be 
careful,  before  poaring  concrete  against  masonry,  to  clear  tbe  face,  to  waab  it  properly, 
and  to  dash  on  it  a  good  coaling  of  mortar,  against  which  tbe  concrete  is  placea.  Wirii- 
out  this  precaution,  which  procures  a  good  union,  the  concrete  will  always  b«  separated 
ftoni  the  masonry.  In  addition,  a  slight  ridse  is  formed  where  the  cope  joins  the  ^va^I  1, 
nnd  this  ridge  is  perfectly  lionded  into  the  face  of  the  wall.  In  the  pasoage  throuf^h 
Sareme  we  treated  in  this  manner  a  portion  where  the  wharf-walls  were  founded  on 

Eiles  and  riprap  on  tbe  site  of  an  ancient  marsh.  A  small  channel  of  dry  stone  'n'ns 
nilt  against  the  piling  nnder  the  bed  of  concrete,  and  this  leads  the  snbternmeau 
water  to  a  cnlven,  and  the  tightening  bas  been  a  success ;  however,  the  thioknesa  of 
tbe  bed  of  concrete  was  increased  to  10  inches,  and  even  to  12  inches  in  some  placeu. 
Fig.  15,  Plate  B,  shows  these  nTrangemeats. 

The  use  of  concrete  with  as  small  tbicknessen  as  Chose  which  were  adopted  in  tfae.<<o 
operations  (4  to  S  inches)  necessitates  siiecial  precantious  and  methods.  In  tbe  first 
place,  it  must  be  made  of  small  fragments,  and  when  broken  stone  is  used  it  should  Dot 
be  too  large  to  go  tbroogh  a  rioK  "f  a  diameter  varying  from  1^  inches  to  2  incbe-<. 
Suppose  the  concrete  perMcCly  made,  as  we  necessarily  must,  the  following  are.  in  brief, 
the  methods  used  by  M.  Mai^lieux  :  '  The  concrete  is  fir^t  spread  and  then  rammed 
until  tbe  mortar  becomes  fluid  on  the  surface  to  a  depth  of  about  three-quarters  of  aa 
inch.  On  the  side  slopes  it  ujustbn  laid  in  layers  of  uvm  6  to  6  inches  in  thickness,  and 
successively  raised  to  the  top  by  ramialng  the  layers.  As  this  operation  t^nda  tomAktt 
the  revetment  bulge,  this  is  corrected  by  healing  the  slope  of  the  concrete  with  a  flat 
beetle.  This  second  operation  completes  the  first,  and  makes  the  mortar  perfectly  flnid 
on  the  surface.  Moreover,  onr  esperieice  has  proved  that  in  cases  where  bnt  a  sligbt 
thickness  is  nsed,  we  can  omit  ramming  tbe  slopes  in  layers,  and  that  the  flat  beetle  in 
snSicieut.  We  can  also  oae  on  the  bottom  layer,  in  order  to  complete  the  effect  of 
ramming,  a  light  beetle  made  of  a  piece  of  plank  13  inches  sqnare.  By  means  of  a 
vertical  handle  light  blows  are  given  to  the  concrete  until  fluid-mortar  makes  itti 
appearance  on  the  sarface.  When  tbe  concrete  has  Ixen  rammed  and  no  stone  remaiDs 
on  the  surface,  it  is  beaten  with  the  tarole.  It  is  well  known  that  General  Hazo  wns 
the  first  to  use  this  method.  The  aaralt  used  by  M.  Mal^zieux,  and  also  used  withont 
change  by  us  on  onr  works,  is  a  round  piece  of  leather,  doubled,  from  Vi  to  16  inchea  in 

*  For  further  details  seethe  arliclebyM.Mal^zieux,  JNnofmJet fouled  CAaut^,  18543. 
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diameter,  moanted  nith  a  handle.  Tbis  leatber  is  stack  fall  of  beavj  nails  very  close 
together,  like  the  sole  of  a  miner's  shoe.  II  welahe  from  G  to  9  ponndB.  After  uie  first 
beatiDg,  nod  vben  the  <K>iiciel«  be|(i[]B  to  g6t  alia,  it  is  ouc«  more  beaten  with  a  heavier 
aratt.  M,  Mal^zieux  took  22  pounds  as  the  weif;bt  of  bis,  and  it  is  better  tbnt  it 
hhould  be  heavier  ralber  than  lighter.  8nch  »  lavaU  is  made  of  leather  four  double. 
After  this  last  work  the  concrete  is  permitted  to  lose  its  water,  aud  to  settle,  and  then 
It  is  beaten  with  the  laraU  a  second  time,  and  a  third  when  necessary ;  bat  it  is  seldom 
Decessary  to  asetbe  (ocafeniore  than  twice.  In  our  opinion  the  delicate  part  of  this  use 
oflbenrafe  is  the  interval  of  time  which  mnst  be  left  between  this  operation  and  that 
of  tammiiiK  which  precedes  it  and  prepares  for  it.  This  interval  is  very  variable.  It 
it  a  matter  of  jadgment  and  knowledge  of  the  materials  employed,  which  in  this  case 
i>  the  trick  of  the  trade.  In  order  that  savaiting  may  succeed,  it  is  necsasarr  that  the 
concrete  shoald  neither  be  too  moist  nor  too  drj.  lu  the  first  case  sarattlue  will  not 
imoiint  to  much.  In  the  second  It  is  ratlier  hurtful  than  useful.  It  is  excellent  irhen 
the  tight  moment  is  seized.  There  is  therefore  need  of  men  and  plant  prepared  for 
Ibis  vork,  which  is  delicate,  but  which  produces  very  satisfactory  results  when  it  ia 
Tell  managed.  After  the  concrete  is  thus  prepared  the  cope  (chape)  is  spread  over  it. 
Tbe  latter  ought  to  be  made  of  es^cellent  mnrtar  tempered  very  stiS'.  In  our  works  we 
bad  at  our  disposal  hydraulic  lias  limes  which  set  iafrom  eight  to  ten  days.  Tbe  cope 
iTseasnaliy  spread  on  the  concrete  from  thirty  to  forty  hours  after  the  last  savatting. 
Ta  make  It  adhere  well  it  is  necessary,  as  M.  Mal<5zieas  advises,  to  clean  the  surface  of 
tbe  coQcrele  with  care  by  means  of  small  brooms,  and  to  sprinkle  it,  if  the  latter  is 
necessary  on  account  of  atmospheric  conditions.  Tbe  cope  is  rammed  with  a  light 
beetle  when  it  begins  to  harden.  After  this  ramming  it  is  savatted  two  or  three  times, 
tnd  finally  smoothed  with  a  trowel.  This  seriesof  operations,  perfectly  laid  out  bvM. 
Msl&ieux,  renders  it  so  tight  that  in  portions  well  made  not  a  drop  of  water  is  lost. 
Ii  is  necessary,  however,  Xa  take  care  to  shelter  it  fVom  the  sun  during  warm  weather. 
With  tbis  view  it  is  covered  with  matting  between  operations,  ^yben  it  is  finished 
iai  there  is  no  more  danger  of  cracks,  it  is  covered  with  earth  ttom  which  tbe  stones 
hHve  been  carefnlly  extracted.  The  cracks  are  effaced,  when  there  are  any,  by  tbe  use 
o{  a  tavale  aud  a  trowoL 

There  only  remains  for  us  to  speak  of  tbe  repairs  of  fhMtnres  in  concretings  when 
tbe  latter  are  made  on  embankments  which  havs  not  entirely  Haished  settling.  Tbe 
loUowing  is  tbe  method  which  has  been  successful  with  us :  The  fracture  is  enlarged 
fori  depth  of  li  or  2  inches,  so  as  to  give  it  &om  three-quarters  of  an  inch  to  an  inch 
uDdaquarter  in  width  at  the  bottom,  and  this  Joint  is  filled  with  Vassey  cement. 
When  the  fractures  are  quite  large  it  is  necessary  to  employ  other  methods,  which  we 
■ill  bave  occaaion  to  indicate  when  we  speak  of  the  admission  of  water  into  the  Arsoh- 
niller  descent,  where  this  case  occnrrad  nnder  tbe  most  complicated  cironmstauces 
that  oould  be  enconntered  in  this  kind  of  work. 

There  now  remain  for  ns  some  details  on  the  organization  of  the  work-yards,  and 
under  this  head  we  will  only  point  out  the  practical  results  of  the  works  which  we 
bave  bad  to  direct.  In  the  first  place,  tbe  following  are  the  cnbes  of  mortar  and  of 
caaerele  which  form  a  running  foot  of  concrete-work,  as  given  by  the  average  results 
of  all  tbe  concrete-work  execnted  in  the  third  subdivision.  (We  will  not  apeak  of 
etrtb-vork,  which  can  easily  be  calculated  from  the  cross-section,  and  which  is  alwaya 
done  by  the  job.) 

It  is  neceasary  to  count,  per  running  foot,  for  the  normal  cross-section  (Fig.  21,  Plate 
F)  vhoUy  concreted,  an  average  cnbe  of  ooncrete  of  fhim  21^  to  30  cubic  feet,  accord- 
ing IS  we  adopt  4  or  tt  Inches  of  mean  thickness  on  tbe  bottom ;  for  a  crosa-sectioa 
belweea  walls  having  39  feet  4  Inches  of  average  width  on  the  bottom,  we  must  count 
on  from  20  to  ££5  cubic  feet  per  running  foot,  including  in  tbis  the  little  ridges  against 
the  walls,  according  as  we  give  a  mean  thickness  of  6  or  8  inches  to  the  bottom.  It  is 
■bn  necessary,  in  the  normal  profile  for  full  concreting,  to  have  an  average  per  running 
foot  of  4,3  cubic  feet  of  mortar  and  2.7  cnbic  feet  in  the  cross-section  between  wails. 


Kinally,  if  an  engineer  should  find  himself,  on  account  of  local  oircnmatanceo,  i 
necesaity  of  empfoyiug  the  economical  method  of  tightening  by  moitar,  he  will 

Lr  of  8.6  cubic  feet  for  the  first  layer. 


mortar,  which  would  make  a  total  of  12,9  cuble  feet  per  running  foot  for  the  normal 
cross-section. 

Knowing  the  compositiou  of  the  mortar,  and  of  the  concrete,  it  is  easy,  after  what 
basjnstb^n  said  about  the  relative  cube  for  each  kind  of  crosa-seotion,  to  calculate  the 
proTiiions  ueceaaaiT  for  getting  a  work-yard  ready.  In  onr  works  the  oopea  were  made 
ofmortar  composed  of  lime  andsand;  the  lime  came  from  the  liasaic  limestone  of  Hoob- 
felden  aud  Zenaoker:  these  limes  set  in  eight  days  on  an  average  when  thej  are  well 
•Uked.  Tbe  proportions  determiued  for  a  cubic  yard  of  mortar  were  0.4.S  oubio  yard 
of  linte  slaked  into  a  stiff  paste,  tuid  0.90  cubic  yard  of  sand,  or  the  proportion  of  I  to2. 

A  Gabie  yard  of  concrete  was  composed  of  0.55  cnbic  yard  of  mortar,  and  0,^  cubic 
yard  of  gravel  or  broken  stone,  or  tue  proportion  of  2  to  3.    When  the  gravel  is  not 
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eotirely  free  ftom  sand  it  is  advisable  to  adopt  for  coaorute  tlie  proportioa  of  3  of  mor- 
tar to  4  of  gTAvel.  For  broken  stoce,  the  proportion  of  2  Co  3  seems  to  be  that  ivhicfa 
sboiild  be  preferred.  Tbsse  data,  id  aUilitiuu  to  tbatof  tbeHwellingof  tlie  lime,  whJcU 
nnsC  be  determiued  by  esperiment  iu  each  locality,  enable  ready  cHlcalatiaua  to  ho 
luaileof  tbe  provisions  reiguisite  fur  a  couctete-jortt  for  coucretiugagivealen^h  with 


^Ylien  lonji;  leoKths  are  to  be  treated,  it  is  advautageons  l«  procnre  rails  aud  onrs  for 
transporting  mortar  from  tbe  mortar- mills  to  tbe  place  vbere  it  is  to  be  use<l ;  but  this 
plant  is  Coo  costly  wheie  stualt  yanls  are  used.  Mortar  can  readily  be  transported  in 
a  cnrt  from  tlie  mortar-mill  to  the  plnce  where  it  is  to  be  used.  But  when  this  vehiclp 
is  used  tbe  mortar-mills  should  be  hrougbt  uearer,  so  as  to  rednce  the  length  of  tranB- 
puTt.  We  think  that  nnless  ve  have  to  make  a  total  length  of  five  to  six  miles,  it  is 
advantflceona  to  use  carts,  noil,  consequently,  not  to  buy  a  plant  of  rails  and  cars, 
which  always  loses  much  of  its  value  when  we  wish  to  sell  it.  In  onr  coocretiogs  in 
the  department  of  Bas-Rbin,  and  on  tbe  snramit-level,  iron  tracks  were  nsed,  wliich 
luoNtly  came  fVom  tbe  department  of  tbe  Mease,  where  the  works  were  flaisbed.  In 
the  Arscbwiller  descent  the  mortar  was  carried  in  carta.  In  making  mortar,  we  used 
tbe  mortar-mill  exclusively,  mortar  made  by  this  machine  being  iu  onr  opinion  macb 
superior  to  that  obtained  by  any  other  process. 

A  horse-mill  penerally  made  from  1.57  to  l.TOcnhio  yards  of  mortar  per  hoar,  and  a 
two.hoifie  mill  &om  2.50  to  2.60  cnhio  yards.  Knowing  the  cubes  of  mortar  required 
ptr  running  foot  for  the  concrete  and  the  cope,  cubes  readily  calculated  ftom  the  dat.'i 
given  above,  we  generally  determine  the  least  number  of  mills  to  be  put  up  according 
to  the  length  of  concreting  to  be  done,  and  the  time  available  for  finishing  it,  for  this 
is  almost  always  tbe  starting-point,  aa  the  operations  in  qneetion  are  generally  car- 
ried on  during  tbe  drainagea,  and  conseqnently  in  a  limiteil  and  generally  very  short 

emment  expense  by  the  day.    In  l&'iS  we  began 
IS  all  done  by  the  latter  method,  in  which  there> 
s  the  advantage  of  great  simplicity  in  the  acoonntability,  while  at  the  same  time 
the  work  was  done  more  economically,  and  with  all  desirable  perfection,  whea  tbere> 
e  good  inspectors  to  oversee  the  work,  and  this  is  a  fundamental  and  riiw  qnS  HOti 


condition.  In  concretings  by  the  job  which  were  done  nndei  our  direction  the  follow- 
ing payments  were  mode  by  the  piece:  For  a  oubio  yard  of  mortar,  34  cents;  for  a 
cubic  yard  of  concrete,  44  cents  ;  and  for  a  square  yard  of  cope,  S^  cents. 

In  tbe  estimates  that  accompany  this  report  no  note  is  taken  of  the 
cost  of  concreting  or  mortaring  any  portion  of  the  canal.  The  reason 
for  this  omission  is  that  it  is  impossible  to  tell  how  much  of  this  kind 
of  work  may  become  necessary,  as  it  is  entirely  dependent  on  the  coti- 
ditioD  in  which  the  canal  is  found  to  be  after  water  is  admitted.  I  have 
inti-odaced  this  subject,  however,  in  order  to  show,  by  the  experience  of 
other  countries,  that  there  need  be  no  doubt  of  the  practicability  of 
extendiug  the  Chesapeake  and  Ohio  Canal  to  Pittsburgh,  no  matter 
bow  much  the  water-supply  may  have  been  lessened  since  1826. 

I  believe  that  the  calculations  presented  in  this  report  show  that  the 
canal  is  practicable,  even  if  made  with  unprotected  earthen  bauk^; 
therefore,  i\  fortiori,  it  must  be  practicable  if  we  tighten  it  with  con- 
crete. 

SUJIMIT-TUSSEL. 

The  summit-tunnel,  as  located  by  the  surveys  of  1826,  was  placetl  at  ii 
height  above  low-tide  of  1,072  feet.  The  tunnel  now  proposed  is  placed 
at  a  height  of  1,944  feet  above  tide,  or  :i8  feet  lower.  This  lowering  of 
the  summit-level  is  advantageous  in  suppressing  twice  that  amount  of 
lockage ;  but  the  chief  reason  for  the  lowering  was  a  desire  to  bring 
the  summit- reservoir  nearer  to  tbe  cannl,  and  to  dispense  with  the  long 
feeder  of  tbe  old  project. 

The  length  of  tbe  tunnel,  as  now  proposed,  is  three  and  three-fourths 
miles,  as  agaioBt  a  length  of  four  miles  for  the  old  tunnel.  This  decrease 
iu  length,  notwithstanding  the  adoption  of  a  lower  level,  is  due  to  tbe 
greater  depth  to  which  the  open  cuts  are  carried. 

The  profiles  show  that  the  proposed  height  of  tunnel  is  23  feet,  and 
the  proposed  width  is  46  feet.    These  dimensions  are  larger  than  those 
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of  any  railroad  or  canal  taune]  of  trhicli  I  Lave  been  able  to  learn,  but  I 
believe  that  large  dimensions  are  ,iiistiBe(1  if  all  the  conditions  are  fiUIy 
considered.  It  is  decidedly  my  opinion  that  if  the  tnnnel  is  not  bailt  so 
as  to  permit  contiunous  traffio  in  both  directions,  its  ntilityw-ill  be  so 
Ifieatly  impaired  as  to  make  its  construction,  and  therefore  the  con- 
stmction  of  the  canal,  nnadviaable.  The  resistances  to  navigation  are 
greatly  increaBed  where  the  boat  area  is  nearly  ecjual  to  the  canal  area, 
and  if  the  tunnel  does  not  permit  the  simultaneous  pa>S8age  of  boats 
going  in  opposite  directions,  the  daily  tonnage  on  the  canal  will  be 
greatly  reduced.  There  is  a  tunnel  now  in  operation  on  the  finished 
portion  of  the  Chesapeake  and  Ohio  Canal  which  fully  illastrates  both 
propositions.  This  tunnel  was  bnilt  to  cnt  ofi'  the  Paw-paw  bend  of  the 
Potomac,  and  is  3,11S  feet  in  length,  with  solid  tow-path  and  only  enongh 
water-way  for  one  boat.  Consequently  boats  cannot  pass  in  the  tunnel, 
oavigatioD  can  take  place  In  only  oue  direction  at  a  time,  the  traction 
and  the  labor  of  the  animals  are  greatly  increased  by  the  siuallaess  of 
the  water-way,  and  the  speed  of  transit  is  Rreatly  reduced.  Having 
passed  throagb  this  tnnnel  during  last  summer,  I  can  speak  from  per- 
sonal experience. 

The  following  statement  of  President  Gordon,  in  his  annual  report  of 
1S70  to  the  stockholders  of  the  Chesapeake  and  Ohio  Canal,  is  of  interest 
in  this  connection : 

Ths  tannel  is  abont  five-eighths  of  it  niile  id  leogth,  and  only  'nida  eoongli  toi  ono 
boat  to  pass  through  it,  and  as  all  tfae  coal-boats  have  to  pass  this  poiot,  the  loaded 
Unto  and  the  Tetnrn  boats  have  to  wftll  upon  each  other,  and  very  coosiderabls  delay 
ii  tboa  produced.  The  capacity  of  the  canal  to  carry  coal  consequently  depends  npou 
Vat  anmbcr  of  boats  that  can  pass  tbrongb  the  tunnel ;  and  it  has  been  estimated  that 
ilagKsteet  capacity  does  not  exceed  1,(JOO,000  of  tons  descending  freight  per  annum 
in  its  present  condition. 

Tberefore,  if  the  canal  is  expected  to  accommodate  the  trade  beyond  that  amount, 
u  it  vill  Boon  be  called  apoD  to  do,  provision  must  be  made  to  enlarge  the  capacity  of 
the  canal,  either  by  increasing  the  nidtb  of  the  tunnel  so  as  to  enable  the  return  boats 
tapiH  the  loaded  boats  on  their  way  through  it,  or  slack  water  must  be  made' along 
the  river  around  the  tauDel  to  enable  the  light  boats  to  return  by  that  passage  and 
WiTc  the  tnnnel  entirely  free  for  loaded  boats.  Another  mode  still  has  been  suggeeted, 
vhich  i  think  worthy  of  consideration,  which  is,  to  take  the  tow-path  out  of  the  tnnnel 
indlberebv  enlarge  the  nater-line,  and  relieve  the  tioats  to  that  extent  from  the  heavy 
prnanre  of  water  against  the  bow  of  the  boat,  now  produced  by  the  narrow  channel, 
ui<l  then  draw  the  ooats  thcoagh  each  way  by  a  stationary  engine;  the  boats  to  be 
tored  in  fleets  of  five  or  six,  by  an  ertdlesa  band  or  rope  attached  to  the  engiue,  and 
Thieh  conld  be  need  to  tow  both  ways  by  reveraicg  the  engine.  The  males  could 
**>ily  be  carried  on  the  boate  while  passing  through  the  tunn^. 

As  this  matter  of  the  projwr  size  of  the  tnnnel  is  of  great  practical 
importance,  I  have  deemed  it  advisable,  in  this  connection,  to  quote  the 
experience  in  France  in  working  the  Eiqneval  tnnnel  on  the  Saint 
Qnentin  Canal,  which  connects  Paris  with  Belgium,  and  is  likewise  a 
(anal  whose  chief  traffic  is  the  transportation  of  coal. 

The  snmmit-level  of  this  canal  is  thirteen  miles  long,  and  in  this  dis- 
tance are  two  tunnels,  of  which  the  Eiqneval  is  18,601  feet  (3J  miles)  in 
length,  and  the  Tronqnoy  is  3,605  feet  (§  of  a  mile)  in  length.  The  dis- 
tance between  the  tunnels  is  about  four  miles. 

The  tunnels  are  26  feet  3  Inches  iu  width,  and  they  originally  con- 
tained two  tow-paths,  each  4J  feet  wide,  partly  built  solid  and  partly 
supported  on  arches.  The  original  width  of  water-way  was  17  feet, 
vhich  is  the  width  of  the  locks  on  the  canal.  The  line  was  opened  in 
1810,  and  at  that  time  the  towing  through  the  tunnels  was  done  by 
•aaonal  labor.  Owing  to  the  narrowuess  of  two  dams  iu  the  fortifica- 
tions of  Valenciennes  and  Cond6,  through  which  boats  had  to  pass, 
iheir  width  was  restricted  to  14  feet  5  inches.  The  water-ways  in  the 
tunnels  were  therefore  2  lect  7  inches  wider  than  the  boats.     ,  GooqIc 


84 

To  pass  tbroagh  the  tunnels,  boats  were  formed  iuto  fleets,  and  tlie 
time  of  passing  throngh  the  long  tnanel  was  from  seven  to  eight  hours. 

The  constrnction,  in  1847,  of  n  competing  railroad,  made  it  necessary 
to  incfease  the  capacity  of  the  Saint  Quentiu  Canal,  and  accordingly 
the  passages  in  the  military  dams  were  made  as  wide  as  the  tunnel,  and 
the  depth  of  water  throughout  the  canal  was  increased  from  5  feet  5 
iaches  to  6^  feet.  This  increase  iu  width  and  capacity  of  boats  oper- 
ated very  disadvautageously  in  the  tunnels,  and  navigation  became 
almost  impossible.  The  following  translation  trom  an  article  by  M.  Ler> 
moyez,  in  the  Annales  dea  Fonts  et  Ckavm€e»  for  1863,  fully  explains  the 
difficnlties  of  working  these  tunnels : 

The  nature  of  the  work  obliges  bonts  to  nsvigiite  in  fleets  or  couvoye,  becftiiise  tbey 
canoot  pasa  each  other,  not  oiiTj  in  the  tuiinela,  but  also  iu  the  narrow  {lorEious  of  tbe 
truuk  b«tweeu  them.  Conseqneutly,  when  u  fleet  entered  the  tunnel  it  formed  a  lonj; 
piston  and  drove  the  water  before  it,  aa  the  flow  along  the  sides  was  insufficient,  since 
a  space  of  only  ^  inches  was  left  between  the  sides  of  the  boats  and  tbe  walls  of  the 
tow-paths.  The  wave  thns  driven  forward  by  the  fleet,  spread  in  the  level,  and  ad- 
vanced rapidly  until  it  met  an  obstacle  which  compelled  it  to  retrace  its  steps ;  it  then 
came  bock,  re-eutered  the  tunoel,  where  it  canaed  a  current  opposed  io  tbe  course  of 
the  fleet,  atopped  the  boats,  and  create<l  a  resistance  that  the  haulers  were  unable  to 
overcome.  Tlie  latl«r,  when  the  wave  came,  instead  of  exhausting  themselves  in  use- 
less efforts  to  overcome  it,  contented  tbemselvcj  with  preventing  their  boata  from 
soing  backward,  and  ouly  resumed  their  march  after  au  equilibrium  had  been  estab- 

Tbia  movement  of  the  waters  caused  an  appreciable  lowering  of  the  water-snrbce 
at  the  end  of  the  fleet,  and  formed  a  veritable  incline  wliich  the  boats  were  compelled 
to  ascend.  Tbe  diOerence  of  level,  which  was  nearly  half  an  inch  per  boat,  became  BO 
great  for  long  fleets  that  the  last  boat  of  the  convoy  bad  not  euflicient  water  to  float  it, 
and  became  stranded  on  the  bottom  of  the  canal. 

It  IB,  therefore,  easy  to  understand  how  slow  and  laborloos  was  tbe  method  of  trac- 
tion, and  nothing  but  tbe  attraction  of  large  wages  could  prevent  the  haulers  frou 
abandoniDg  their  calling. 

However,  when  the  draught  of  boats  was  increased  to  6  feet,  and  when  this  increase 
in  draught  was  accompanied  by  on  increase  iu  width  which  added  35  per  cent,  to  tbe 
tonnage  of  each  boat,  the  diffiontties  of  traction  increased  to  such  a  degree  that  haul- 
ing by  manual  labor  became  physically  impossible.  The  passaffe,  which,  before  this 
change  in  the  boats,  took  place  in  seven  or  eight  hours,  aiion  demanded  sixt«eD  oi 
eighteen  hours.  Little  by  little  tbe  men,  worn  out  with  fatigue,  refused  to  continue 
haaliag,  and  the  promise  of  wages  of  three  francs  per  day  could  not  induce  them  to 
continue  au  occupation  which  was  beyond  their  strength. 

The  first  effort  to  improve  the  traction  was  to  employ  a  steam  tow- 
boat,  bat  the  nature  of  the  soil  through  which  the  Kiqueval  tunnel 
passes  makes  it  necessary  to  keep  the  tunnel  closed  by  gates  during  the 
winter  season,  and  the  vitiation  of  the  atmosphere  by  the  smoke  of  the 
engine  became  an  insuperable  objection.  Towing  by  horses  was  next 
tried,  but  the  daration  of  the  passage  through  the  three  and  one-balf 
miles  of  the  long  tnnnel  was  fourteen  hours,  and  even  with  picked  teams 
and  drivers  it  was  found  Impossible  to  reduce  this  time  below  thirteen 
hours,  which  was  evidently  entirely  too  long. 

The  next  trial  was  of  a  horse-power  tow-boat  hauling  on  lines  attached 
to  hooks  firmly  fastened  in  the  sides  of  the  tunnel  and  placed  at  inter- 
vals of  650  feet.  As  fast  as  one  line  was  wound  in  by  the  capstan,  a 
new  line  was  attached,  which  had  previously  been  fastened  to  the  hook 
next  beyond  by  two  men  who  preceded  the  tow-boat  in  a  skiff  for  this 
parpose.  By  this  means  one  tow-boat  could  tow  from  30  to  40  boats, 
but  the  time  occupied  was  from  ten  to  twelve  hours. 

While  this  system  was  in  operation  one  of  the  tow-paths  was  removed, 
and  the  increase  in  water-way  thus  created  greatly  reiluced  the  diffi- 
culty of  towing. 
.     Finally,  the  books  and  short  lines  were  replaced  by  a  submerged  cable, 
and  this  is  the  system  now  in  use.    The  tow-boat  tows  aa  many  aa  10 
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boat '4  at  a  time,  and  the  average  daration  of  the  passage  is  six  hoars 
and  fifty-fonr  minntes  for  ascending  deete,  and  five  hours  and  twelve 
minutes  for  descending  ones. 

It  ii>  evident  from  the  above  that  it  is  of  the  atmost  importance  for 
the  future  of  the  canal  that  the  sommit'taunel  should  be  made  of  the 
maximum  poBsible  size,  and  that,  if  possible,  navigation  throngh  the 
tuDuel  should  be  just  as  unembarrassed  as  anywhere  else  on  the  canaL 
If  boatu  are  compelled  to  wait  at  either  end  of  the  tunnel  until  a  deet  is 
formed  aod  the  tow-boat  is  ready,  the  average  time  of  through  passages 
will  be  appreciably  increased,  and  with  it  the  cost  of  transportation. 
This  method  of  working  will  also  increase  the  consumption  of  water 
for  lockage  by  increaaiag  the  proportioD  of  boats  going  in  the  same 
direction  during  a  given  time. 

For  locks  20  feet  wide  we  may  assume  that  the  widest  boat  will  be  19 
feet  6  inches.  Two  such  boats  will  occupy  a  space  of  39  feet,  and  with 
3  feet  for  margins,  a  total  width  of  12  ttot  is  required  for  convenient 
passage.  In  view  of  thu  fact  that  even  with  this  width  the  tunnel  will 
be  the  widest  of  any  long  tunnel  that  has  ever  been  buitt,  I  would  rec- 
ommend that  the  clear  width  proposed  by  Colonel  Sedgwick  (16  feet)  be 
reduced  1  feet,  which  will  reduce  the  height  2  feet,  and  effect  a  saving 
in  excavation  of  about  113,000  cubic  yards,  which  at  $1  per  yard  amounts 
to  8152,000.  There  would  also  be  some  saving  in  arch-masonry  and  in 
concrete  flooring. 

The  cost  of  each  item  of  tonnel-work  has  been  carefolly  elaborated  by 
Colonel  Sedgwick  on  the  basis  of  present  contract  prices.  I  think  that 
they  are  low,  and  that  he  hardly  allows  a  safKcient  margin  for  nafore- 
seen  contin^ncies,  snob  as  the  encounter  in  the  tunnel  of  a  large  body 
of  water.  To  provide  more  fully  for  these  items,  while  •!  would  redaoe 
the  width  of  the  tunnel  to  42  feet,  I  would  retain  the  estimate  for  the 
l&foot  tQDDel.  I  have  therefore  made  no  change  in  the  estimate  on  the 
aummlt-tannel  as  prepared  by  Colonel  Sedgwick. 

It  will,  of  coarse,  be  understood  that  the  tunnel  in  qnestion  must  be 
operated  by  some  power  other  than  animal  strength,  as  no  tow-path  will 
be  provided.  The  present  tendency  on  all  canals  is  so  strongly  in  favor 
of  steam  as  the  motive  power,  that  we  will  apparently  have  to  wait  bat 
a  short  time  for  the  entire  disuse  of  towing  by  animals. 

As  a  matter  of  interest  I  append  the  dimensions  of  several  well-known 
and  long  tnuuels : 
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Tbe  above  table  shons  tbat  wliile  the  proposed  Chesitpeake  aDtl  Ohio 
Oiuial  tuDDel  id  not  extraordinary  in  its  length,  being  bat  a  quarter  of 
a  mile  longer  than  the  Biqueval  tunnel,  it.  yet  greatly  exceeds  any  of 
those  named  in  its  croHa-sevtioa. 

INCLINES  PLAKE8  AND  LOCKS. 

The  steepneBa  of  the  longitadinal  slopes  of  the  canal  and  tlte  local  diffi- 
cnltiea  in  Will's  Creek  Valley  and  elsctrhere,  make  it  nnadvisable  to 
bnild  a  oana!  which  shall  be  limited  to  locks  as  the  only  means  of  over- 
coming differences  of  level.  While  the  use  of  locks  thronghont  the  line 
ia  theoretically  admissible,  it  is  practically  inadmissible  ou  accoant  of 
the  great  difficulty  of  keeping  up  the  short  levels  between  tbe  lockH,  and 
also  on  account  of  the  great  loss  of  time  in  passing  so  many  locks.  For 
this  reason  a  large  number  of  inclined  planes  have  been  introdnced  on 
tbe  line.  Between  Gnmbertand  and  the  sammit-tunnel  are  seventeen 
inclined  planes,  varying  in  height  from  26  to  120  feet,  and  overcoming 
a  total  height  of  1,185  feet.  If  this  elevation  were  gained  by  locks  with 
tbe  ngnal  lift  of  8  feet,  it  would  have  necessitated  148  locks  in  addition 
to  those  already  on  the  line. 

In  the  upper  part  of  Will's  Creek  the  descent  from  the  summitt  is  ef- 
fected entirely  by  planes,  the  first  block  appearing  2  miles  above  Bridge- 
port.' 

On  tbe  western  slope,  which  is  mnch  more  gradual  than  the  eastern, 
there  are  six  inclined  planes,  varying  in  height  from  36  to  82  feet,  and 
fifty-six  looks,  varying  in  lift  ftY>m  Q  to  16  feet,  bnt  the  majority  have 
heavy  lifts,  only  twelve  having  lifts  less  than  13  feet, 

Of  the  entire  practicability  of  these  inclined  planes  there  can  be  no 
reasonable  doubt.  They  are  in  nee  in  the  United  States  on  the  Morris 
and  Essex  Canal,  and  in  England  on  the  Monkland  Canal.  Full  draw- 
ings of  the  Morris  and  Essex  inclined  planes  accomi>any  this  report. 
Tbe  Monkland  inclined  plane  carries  np  a  caisson  in  which  the  boat  is 
water-borne.  This  is  by  far  the  best  arrangement  for  the  boat,  bnt 
requires  the  strongest  plane  and  the  heaviest  rollingstock.  Snch  a 
plane  with  caisson  is  now  in  process  of  construction  on  this  very  canal, 
about  one  mile  above  Oeorgetown,  in  order  to  lower  canal-boats  into 
the  river,  a  vertioat  fall  of  36  feet.  In  a  few  months  all  doubts  as  to  its 
practical  operation  will  be  fully  solved. 

From  a  late  inspection  of  this  work,  and  after  consaltation  with  its 
T)iiTl<ler,  I  find  that  the  cost  of  the  necessary  oiacbinerv  for  this  plane  is 
$60,000,  the  total  cost  of  the  plane  being  aboot  $100,000.  As  it  is 
built  on  a  system  which,  though  more  costly,  is  evidently  preferable  to 
that  in  use  on  the  Morris  and  Essex  Canal,  I  have  thought  it  prudent 
to  assume  its  adoption  ou  this  extension.  For  this  reason  I  liave  donbied 
the  estimated  cost  of  iacliued  planes,  and  therefore  add  81,134,000  to 
the  estimates,  this  being  the  sum  of  the  costs  of  the  plaues  as  given  in 
Colonel  Sedgwick's  report.  It  is  proper  to  add  in  explanation  tbat  his 
report  antedates  the  construction  of  the  plane  in  question,  and  there- 
fore he  did  not  have  the  benefit  of  this  experience,  and  owing  to  reasons 
which  are  elsewhere  stated  at  length,  he  was  Compelled  to  use  esti- 
mates for  planes  with  bo  at- carriages,  while  recommending  for  adoptiou 
))lanes  with  caissons, 

AQUEDUCT  BSIDGES. 

On  the  eastern  slope  of  the  canal  are  five  aqaednct-bridgeSf  one  over 
.Savage  Run  and  four  over  Will's  Ci«ek.     These  croasioga  of  Will's 
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Cre«k  are  forced  by  the  eztreai«ly  ra^^  tuitare  of  the  defile  and  the 
preaence  of  the  GonDellaville  Bailroad  which  ofteo  prevents  the  adoption 
of  a  more  favorabie  liae.  DeBigos  for  all  of  these  aqnedacte  hare  been 
[wpared.  They  are  to  be  ar^ied-maseary  bridges,  the  span  of  eaoh 
arch  being  50  feet.  The  total  nnmber  of  arches  in  these  aqnedacts  is 
twelve,  which  is  a  little  mofe  thwi  an  average  of  two  Arches  to  each 
aqnednct. 

Ob  the  western  slope  are  six  aqnedact-bridgee,  of  which  the  three 
over  the  UastlemaD  are  short,  bat  the  three  over  the  Youghiogheny  are 
long.  Designs  have  only  been  prepared  for  the  aqnedact-bridges  above 
and  below  Falls  City.  The  apper  of  these  has  seven  spans  and  the 
lover  throe.  There  will  be  no  diffleolty  in  building  any  oC  tJiese  aqae- 
(luct- bridges. 

PASSAGE  OF  THE   "  HAKBOWS." 

The  narrotreet  place  tbrongh  which  a  passage  mast  be  foaud  for  the 
caoid  is  jnst  above  Oamberland.  Here  tl^  apace  between  the  two 
halves  of  Will's  Moantain  is  occapied  by  two  lines  of  railroad  on  one 
baak  and  the  Xational  Eoad  on  the  other.  The  maaoer  in  which  Colo- 
nel Sedgwick  has  solved  this  tronblesoine  problem  is  very  creditable  to 
bis  engineering  skill,  it  consists  sabstantially  in  widenicg  the  stream 
as  far  as  possible,  sustaining  the  sides  by  vertical  walls  of  masonry,  and 
ibeu  placing  the  canal  in  the  bed  and  isolating  it  from  Will's  Creek  by 
a  stroDg  masonry  division-wall.  The  most  difficult  point  was  how  to 
^t  it  into  the  "N^arrows"  at  the  upper  end  without  interferiug  with 
tbe  nnmerons  railroad  tracks  or  with  the  If  ational  £oad.  The  method 
adopted  cannot  readily  be  explained  without  maps,  and  to  these  refer- 
ence is  made  for  full  iuformation. 

EXIENSIOIT  BEYOND  C0M4ELLSVILLE. 

Tbiukiug  that  it  wonld  be  practicable  to  establish  a  slackwater  uavi- 
gatioD  on  the  Yooghiogbeny  as  far  up  as  Oonnellsville,  and  knowing  the 
atroDg  desire  of  the  inhabitants  to  have  such  a  navigation,  £  directed 
Coiftuel  Sedgwick  to  stop  the  canal  survey  at  Connellsville,  and  beyond 
that  place  to  survey  the  river  to  a  couuection  at  West  IXewton  with  tbe 
work  done  in  1873  by  Lieutenant  Mahan,  EDgineeia.  This  was  done, 
aod  tbe  results  are  given  in  the  accompanying  maps. 

Between  the  suspension  bridge  at  Connellsville  and  the  bridge  at 
West  fTewCoD,  a  distance  of  116J  miles,  tJie  fall  of  the  river  surface  is 
l'i.6  feet.  As  a  rule,  there  is  a  narrow  strip  of  bottom-land  on  one 
Bide  and  an  abrupt  hill  on  tbe  other  throughout  this  distanoe ;  there 
ue  a  fBw  points  od  the  line  where  tbe  cooBtruction  of  either  slackwater 
or  canal  would  be  troublesome,  but  there  is  no  place  that  compares  in 
difficulty  with  points  above.  Tbe  worst  section  is  in  the  Narrows,  below 
Connellsville.  Here  we  have  the  Little  Falls,  S^  miles  below  Connells- 
ville, Middle  Chute,  10  miles  below,  and  Great  Falls,  11^  miles  below. 
If  a  slackwater  navigation  is  established,  one  dam  will  come  at  the  head 
of  Little  Falls,  one  at  the  foot  of  the  Middle  Chute,  and  one  in  the 
rapids  above  Qreat  Falls.  Tbe  last-named  site  is  objectionable  on 
account  of  the  narrow  bed  of  the  river  at  this  place,  but  the  others  are 
good. 

la  estimating  tbe  cost  of  s  system  of  locks  and  dams,  tbe  first  ques- 
tion to  be  settled  is  the  size  of  the  locks.  To  determine  this  we  must 
^mt  consider  the  interests  that  require  water-transportation. 

Along  the  entire  length  of  the  Yonghiogheny,  ftt>m  its  mouth  to  Con- 


Delldville,  tbere  are  hesvy  deposits  of  bitmninoas  coal,  and  CoDnellsvilte 
itself  is  th«  ceoter  of  a  district  widely  kDOwn  for  its  excellent  gas-coal, 
coke,  ami  iron.  These  prodncts  are  in  great  demand  both  East  and 
West,  and  their  only  oatlets  are  by  the  Pittsburgh  and  Connellsville 
Baitroad,  and  by  a  brancb  of  tbe  Pennsylvania  Central  whicb  has  been 
built  within  tbe  past  year.  The  prodacers  are  therefore  nnanimons  in 
their  desire  to  have  cheap  ivater-transportation  both  East  and  West. 
Canal-boats  will  answer  their  purpose  for  commnnicating  with  eastern 
markets,  bnt  as  a  large  portion  of  the  West  can  best  be  reached  by  way 
of  the  Ohio  Kiver,  they  naturally  desire  either  to  have  Gonnellsville 
made  the  head  of  steamboat  navigation,  or  else  to  have  sucb  a 
water-connection  with  the  Ohio  as  will  enable  them  to  load  their  prod- 
ucts at  their  mines  into  such  barges  as  are  used  on  the  Ohio  for  traua- 
porting  coal  and  coke  in  fleets.  These  barges  are  from  125  to  130  feet 
long  and  25  feet  wide,  and  it  is  evident  thai  any  navigation  that  will 
pass  these  will  also  pass  the  boats  that  ply  on  a  canal  whose  locks  are 
120  by  20.  If,  therefore,  we  can  arrange  matters  satisfactorily  for  Ohio 
Biver  coal-bargee,  we  will  have  ample  space  for  tbe  regular  canal  navi 
gatioD. 

Ooal-barges  may  be  brought  to  Connellsville  through  river-locks  largo 
enongh  to  accommodate  a  tow-boat  with  one  or  more  barges,  or  througli 
river-locks  accommodating  only  one  barge  at  a  time,  or  through  an  inde- 
pendent canal. 

The  first  method  I  believe  to  be  impracticable  without  the  construction 
of  reser^'oirs  to  fiirulsh  additional  supplies  in  long  and  dry  summers. 
For  further  information  on  tbiij  point  1  would  respectfully  refer  to  the 
report  of  the  survey  of  the  Yonghiogheny  Itiver  below  West  Newtxju, 
made  under  my  durection  in  1873  by  Lieutenant  Mahan,  Engineers.  It 
will  be  found  in  Report  of  Chief  of  Engineers  for  1874,  part  1,  page  553. 
We  are  therefore  reduced  to  the  consideration  of  slaokwater  with  locks 
for  one  barge  at  a  time,  or  an  independent  caual  with  locks  of  tbe  aame 
size. 

It  would  not  be  difficult  to  decide  this  question  if  we  could  tell  with 
any  certainty  whether  or  not  steam  wonid  ultimately  come  into  general 
use  for  propelling  canal-boats.  If  such  should  be  the  case  within  a  few 
years,  then  slackwater  below  Connellsville  would  be  by  far  the  best  con- 
struction ;  boats  that  still  used  animal  |)ower  could  be  accommodated 
by  a  tow-path  on  one  or  both  banks;  this,  however,  would  necessitate 
dredgiug  at  the  heads  of  pools,  as  there  is  always  less  water  near  shore 
than  in  the  channel,  and  boats  drawn  by  lines  must  past  near  the  shore. 

Were  there  no  probability  of  tbe  adoption  of  steam  for  propulsion,  tben 
it  would  be  betttr  to  continue  the  canal  to  West  Newton,  up  to  which 
point  it  seems  practicable  to  have  navigation  with  large  locks. 

Believing  as  I  do  that  it  is  but  a  question  of  a  few  years  before  steam 
will  be  in  general  use  on  all  first-class  canals,  especially  on  those  whose 
chief  business  is  the  transportation  of  ooat,  I  conclude  that  slackwater 
below  Connellsville,  with  locks  for  baizes,  is  better  than  an  independent 
canaU  Should  fhture  business  justify  it,  there  would  be  no  diEBcnIty  in 
having  two  locks  at  each  dam,  one  of  which  might  l>e  as  large  as  the 
largest  od  the  Mouongabela;  in  that  case  such  regulations  conld  be  es- 
tablished as  would  limit  navigation  to  the  small  lock  during  those  sea- 
sons of  the  year  when  tbere  was  a  scarcity  of  water. 

It  is  not  likely  that  Ohio  Biver  coal-barges  will  ever  have  independ- 
ent propelling  power,  but  they  could  be  moved  up  and  down  the 
river  by  tugs  adapted  in  size  to  the  locks.  The  only  differeaoe  woald 
be  that  the  tug  and  the  barge  conld  not  pass  the  dam  at  the  same  time. 
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Id  tliis  respect  tite  slackwater  would  be  no  worse  than  an  iuilependeot 
caoal,  supiwBiu);  that  tbe  barges  were  similarly  towed  od  the  canal. 

The  f^reiitest  disadvantage  of  the  iDdepeodeDt  caiial  below  (Jonnells- 
ville  is  that  it  onljr  accommodates  one  bank  of  the  river.  Factories 
conid  probably  transport  their  prodocts  to  the  canal  by  means  of  bridges 
flnd  wire  tram-ways,  but  the  expense  of  such  structures  would  operate 
to  Khut  out  all  mines  and  qaarriea,  as  their  heavy  products  must  be 
moved  cheaply  in  order  to  pay  a  fair  return  on  the  capital  invested. 
An  exception  would  be  found  where  deep  natural  pools  permitted  boats 
to  lock  down  into  the  pool,  but  such  pools  are  too  rare  on  the  Youghio- 
gbeny  to  aflfect  the  general  argnment. 

Locks  to  pass  an  Ohio  River  eoal-barge  130  by  25  should  be  146  feet 
betweeu  gates  and  26  feet  wide.  These  are  the  locks  on  which  the 
estimate  has  been  made.  It  is  proper  to  state  that  when  Colonel  Sedg- 
n-jck  and  I  talked  over  the  question  of  the  exteosioQ  beyond  Connells- 
ville  we  were  both  agreed  that  it  ought  to  be  a  canal.  The  careful 
study  of  the  subject  necessary  t<i  prepare  this  report  has  caused  me  to 
cbange  my  mind  as  indicated  above. 

The  caaal-snrvey  slopped  just  above  Connellaville,  at  the  mouth  of 
Daobar  Creek,  fu  adjusting  the  sites  and  lifts  of  the  dams  on  the 
I'oofbiogheDy,  I  fouud  that  the  lowness  of  the  bridges  and  the  height 
of  the  floods  made  it  diSiuult  to  establish  a  satisfactory  counectiou  be- 
tween canal  and  river  navigation.  I  finally  concluded  that  the  best 
*a;  to  pass  the  bridges  without  raising  them,  which  I  desired  to  avoid, 
wag  to  continue  the  canal  through  New  Haven,  the  town  opposite 
Ooonells ville,  and  terminate  it  ia  the  Yonghiogheny  just  above  the 
abandoned  Southwest  Pennsylvania  Railroad  bridge.  By  carrying  the 
canal  through  with  a  water-line  at  the  reference  868.00  we  can  keep 
above  the  river  floods,  avoid  the  suspension  bridge  entirely,  and  secure 
adequate  head-room  ouder  the  bridge  of  the  Fayette  County  Railroad. 
At  the  end  of  the  canal  we  have  a  lock  whose  lift  varies  from  11  feet  to 
Qotbiag,  by  means  of  which  there  will  be  easy  exit  from  or  entrance 
into  the  canal  at  all  stages  of  the  river.  The  local  busiuess  of  Connells- 
ville  will  be  accommodated  by  a  basin  in  New  Haven.  It  is  a  part  of 
this  plan  to  cbange  the  mouth  of  Dunbar  Creek  and  turn  it  into  the 
river  above  lock  56. 

I  am  not  at  all  sure  that  it  would  not  be  a  preferable  solution  to  re- 
tnove  the  suspension  bridge,  rebuild  it  at  a  higher  level,  and  increase 
the  height  of  the  first  dam  below  Connellsville.  The  chief  otyeetioa  to 
this  arrangement  is  that  the  surface  of  the  Toughiogheny  at  ConDolls- 
ville  would  have  to  be  raised  so  high,  in  order  to  get  7  feet  at  the  mouth 
of  Dunbar  Creek,  that  there  would  be  great  danger  of  flooding  the  lower 
|>art  of  the  town  in  times  of  freshets. 

The  comparison  of  the  two  methods  may  very  properly  he  left  until 
Bneh  time  as  there  seems  a  reasonable  chance  that  the  work  may  be 
built.  For  the  purpose  of  an  estimate,  I  have  adopted  the  first-uamed 
plan.  As  the  canal-survey  stopped  at  Dunbar  Creek,  the  estimate  on 
this  additional  mile  and  a  quarter  of  canal  most  be  considered  as  only 
a  rough  approximation. 

The  estimate  made  by  Colonel  Sedgwick  will,  therefore,  be  increased 
by  two  9^-foot  locks,  one  11-foot  lock,  and  by  a  mile  and  a  quarter  of 
new  canal,  together  with  the  additional  embaukmeut  required  from  the 
last  lock  at  the  Fayette  Couuty  Railroad  bridge  to  the  present  month  of 
Dunbar  Creek.  It  will  be  diminished  by  the  removal  of  one  16-foot 
)o<<k  no  looker  required.  We  must  therefore  modify  his  estimates  as 
Mows:  ,-,  . 
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Additional  canftl  iraok  and  iooreMed  embankmeDts  at  md  of  old  line $36, 000 

Two  9t-ft)0t  Incke,  at  $27,000 54,000 

Oue  11-foot  lock 30,000 

Tot«]  coat  of  new  work 119,000 

Deduct  one  16-iout  look 4a,7&5 

Xet  incroaae  iD  cost 75,245 

Tbe  water-sorface  of  the  canal  at  ita  new  termination  will  be  at  the 
reCereDce  86S.00,  and  that  of  the  rivet  at  the  same  place  during  low 
water  will  be  857.  This,  therefore,  is  the  level  of  the  up^wr  Yough- 
iogbeny  pool,  and  from  it  we  will  descend  by  lockH  averaging  10  feet 
until  the  Monongahela  is  reached  at  McKeesport,  whence  t^ere  is  a 
Blackwater  system  already  in  operation  to  Pittsbni^h. 
Tbe  following  dams  must  be  bnilt : 
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The  last  three  dams,  which  come  below  West  Newton,  are  described 
in  my  report  on  tbe  Youghiogheny  Biver,  dated  August  14, 1871.  It  is 
proper  to  state  that  io  that  report  these  dams  were  expected  to  maia- 
taia,  at  the  heads  of  their  respective  pools,  a  depth  of  6  feet,  while  iu 
the  present  report  this  depth  must  be  7  feet  in  order  to  conform  to  the 
standard  depth  of  the  canal.  This  increase  of  one  foot  over  the  depth 
assumed  in  the  report  just  mentioned  has  necessitated  a  change  in  the 
sites  origioally  selected.  I  have  also  reduced  the  estimated  cost  by  omit- 
ting portions  of  the  foundation  which  additional  investigation  has  showa 
to  be  unnecessary.  The  first  twelve  dams  will  have  small  locks  {lUi  by  26) 
and  the  last  three  will  have  large  ones,  (250  by  56.)  The  great  scarcity 
of  water,  which  calls  for  the  greatest  practicable  tightness  of  dam,  and 
the  slight  difiereuce  in  first  cost  and  great  difference  iu  durability  be- 
tween a  masonry  and  a  wooden  dam,  have  caused  me  to  estimate  only 
for  masonry  dams.  The  lack  of  time  and  of  funds  prevented  an  exact 
determination  of  the  sites  for  locks  and  dams,  and  therefore  we  will 
assume  that  half  of  the  upper  dams  and  locks  will  be  on  rock  and  all 
the  rest  on  gravel. 

BSTUUTE— YOUQHIOGHEKV  SLACK WATEK. 

6  small  locks  OQ  rock,  at  $35,500 ^13,000 

eemaU  loaks  on  gmvet,  at  140.000 340,000 

3  large  locks  on  gravel,  at  p)0,000 270,000 
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3,1^0  linear  feet  of  mtwoory  dun  on  rock,  at  $63 $135, 160 

4,236  linear  feet  of  mMOory  dam  on  gmyel,  at(60 336,880 

6  abatmeuts  OD  rock,  at  (3,500 21,000 

9  abatmente  on  gravel,  at  (4,000 46,009 

Total „ 1,354,040 

In  t^Dg  the  Bnm  of  the  lengtba  of  the  clams  it  has  been  assumed  that 
half  the  widths  of  the  locks  would  be  in  the  bank,  and  that  the  lengths 
of  the  dams  would  conseqaently  be  less  than  the  widths  of  the  river  by 
half  the  widths  of  the  locks. 

HUHKIT-BESBRVOIBS. 

As  has  been  several  times  stated,  no  estimate  was  made  on  eammit 
reservoirs,  bat  si  approximate  estimate  is  ceqaired  in  order  to  make 
this  report  complete  as  far  as  possible  onder  existing  circumstances. 
M  is  stated  in  detail  in  Colonel  Sedgwick's  report,  it  is  assumed  that 
ti'e  Plejcher  reser\oir,  proposed  in  the  report  of  1826,  will  be  built, 
and  also  a  lower  r  'p.Toir  nearer  the  line  of  the  canal,  tbe  total  capacity 
of  the  two  reservoirs  being  262,667,000  cubic  feet. 

10  the  abseuce  of  aoy  better  means  of  getting  at  the  cost  of  these 
resen'oira,  I  have  thought  it  best  to  follow  the  precedent  of  the  new 
storage  reservoir  of  the  Oroton  aqueduct  at  Boyd's  Corners,  New  York, 
M  which  an  excellent  report  has  been  made  to  the  American  Society  of 
Civil  Engineers,  by  J.  J.  B,  Croes,  resident  engineer.  The  capacity  of 
thiB  rejBrvoir  is  364,000,000  cubic  feet,  or  44  per  cent,  greater  than  the 
enm  of  the  two  reservoirs  required  for  the  canal.  It  has  a  water-sartace 
of  379  acres,  a  maximum  depth  of  57  feet,  a  mean  depth  of  30  feet,  and 
iU  total  cost  (omitting  some  additions  to  the  original  plan  whose  cost 
is  Dot  reported)  was  $590,000. 

The  dam  is  of  masonry,  and  the  reasons  assigned  by  the  engineer  for 
preferring  masonry  to  earth  are  as  follows : 

No  dam  at  tliia  place  conld  be  made  safe  or  vater-Ught  without  lemovitig  all  the 
sataral  material  and  fouudiuK  tbe  structure  oo  tJie  rocK.  AU  tbe  earth  witliin  a  mile 
at  the  dBm-aite  cnnt-aiaed  8o  larfie  a  proportion  of  tioirlders  aud  coarae  gravel  as  to 
cender  it  ooSt  for  water-tight  enibaukmeiit,  except  at  eoormom  expense  for  sepu'atiiig 
'ai  xntuiag  oat  tbe  etone.  An  earthen  embankment  would  have  demanded  for  safety 
a  tDnnal  tbroagb  the  rock  of  the  bill-aides  for  tbe  disoharge-pipe  at  tbe  stream- 
l^vFl,  and  a  rock-cot  of  aume  15,000  cubic  yards  in  the  hill-aide  at  tiow-line  for  waste- 
"Iter. 

The  stream  wa«  liable  to  sndden  and  severe  freehets,  which  could  not  be  prevented 
from  oveifloniDK  the  dam  dnrins  constructioa.  Such  a  freebet  would  necessarily 
destroy  a  partially- completed  eartli-embaDkment. 

Aq  sbandnnt  quantity  of  stone  of  excellent  quality  lay  on  tbe  bill-aide  within  a 
■bDrt  distance  of  tbe  dam-site. 

Theae  oonaideratiooB  led  to  the  decision  that  the  dam  should  be  of  masonry. 

I  think  that  substantially  the  same  reasoning,  especially  as  regards 
freshets,  should  lead  ns  also  to  adopt  masonry- walls  for  our  reservoirs. 
Intake  uo  estimate  for  feeders,  as  the  upper  reservoir  will  f^ed  into  tbe 
lower  tJirougb  the  existing  stream,  and  the  lower  will  be  so  near  the 
line  of  the  canal  as  to  make  the  cost  of  its  feeder  too  small  to  be  worth 
conBidering  in  an  approximate  estimate  of  this  character. 

I  would  therefore  assume  for  tbe  approximate  cost  of  the  two  reser* 
voire  t600,O0O.  As  the  canal  reservoirs  are  located  where  the  country- 
rock  belongs  to  the  carboniferons  strata,  and  is  comparatively  easy  to 
work,  the  cost  of  masonry  will  be  much  less  than  at  Boyd's  Cornera, 
There  the  country-rock  was  gneiss.  I  have,  however,  made  no  reduc- 
tion on  this  account,  believing  that  it  would  be  better  to  consider  this 
M  Hu  offwt  to  the  probable  greater  length  of  dam  required. 


SUMMARY  OF  ESTIMATES. 

Summiug  up  the  estirantes  already  found,  we  faave  as  follows:  for  the 
total  cost  of  a  tlret-clafla  caual  from  Cumberland,  Md.,  to  Conoellaville, 
Pa.,  and  of  h  B.vstem  of  locks  and  dams  on  tbe  Yoaghiogheny  from  the 
latter  place  to  McICeesport,  on  the  Monongahela,  wbence  to  Pittsburgh 
there  is  a  slackwater  eysteui  in  actual  operatioD : 

CnDftl  proper,  as  per  Colonel  ScdK^'ck $21,176,705 

Additional  cuiit  of  new  term i dub  at  CoDnelUville ' 75,S45 

Bninmit-rosBryoicB,  approximately 600,000 

Additioual  cost  of  inclined  planes 1,134,000 

Total  eatiinalBd  coat  of  onnal 03,986,040 

£Btimat«d  coat  of  al^kwateron  Yongbiogbeoy 1,254,  OJp 

Total  cost  of  the  vater-ronte  from  Canib«rlnud  to  Pittsborgh 34,240,0^ 

Which,  in  loiiDil  naiubers,  may  be  put  at 35,000,000 

In  coucluBion,  I  must  state  that  if  tlie  dimensioiis  of  this  line  had 
been  restricted  to  tliose  on  the  esiHtiitg  canal,  the  estimates  would  have 
been  materiall;  reduced.  I  haTe,-howeYer,  estimated  for  a  caual  larger 
than  the  Brie,  for  reasons  given  in  tbe  opening  of  this  report,  and  oa 
the  supposition  that,  if  this  esteusion  were  made,  the  canal  below  Cum- 
berland would  be  correspondingly  enlarged. 

NOETH  BSAItCH  BOUTE. 

This  route  is  for  a  canal  np  the  vnlley  of  the  Xorth  Branch  of  tbe 
Potomac  to  the  mouth  of  Savage  River.  At  this  point  it  counetts  with 
the  survey  made  in  1873  for  a  canal-roate  up  this  stream  to  the  valley 
of  tbe  Caatleman,  near  Salisbury.  As  a  through  route  for  connecting 
the  Chesapeake  with  the  Ohio  fliver,  the  Hue  by  the  North  Branch  of 
Potomac  and  Savage  River  is  greatly  inferior  to  the  Wills  Creek  route 
in  being  longer,  in  having  a  higher  summit-level,  (thus  necest-itating 
greater  lockage,)  and  in  having  a  tunnel  at  least  one  mile  longer.  If, 
therefore,  a  through  line  is  bnilt,  I  am  decidedly  of  the  opinion  that  it 
should  go  by  way  of  Wills  Creek.  For  further  comparison  see  my  re- 
port, dated  Sfarch  20,  1874,  printed  in  Report  of  Chief  of  Eugineers  for 
1874,  part  1,  page  493. 

Aa  a  local  line  the  North  Branch  route  is  well  worth  consideration, 
since,  at  the  month  of  George's  Creek,  it  reaches  the  great  George's 
Creek  coal  basin,  from  which  both  railroad  and  canal  draw  their  sup- 
plies of  coal.  An  extension  of  the  canal  to  George's  Creek  would  save 
twenty-eight  miles  of  railroad- transportation,  and  would  undoubtedly 
give  the  canal  a  business  that  would  pay  a  fair  interest  on  the  cost  of 
construction.  The  section  of  this  line  between  George's  Creek  and  Sav- 
age River,  a  distance  of  nearly  two  miles,  is  very  difBcalt  to  construct,  on 
account  of  existing  bridges  and  mills,  and  tbe  occupancy  of  the  limited 
area  of  level  ground  by  the  town  of  Piedtnont,  There  is  no  present 
need  of  this  piece  of  canal,  and,  therefore,  I  would  recommend  that  the 
canal-line  be  stopped  at  the  nearest  point  to  the  mouth  of  George's 
Creek  at  which  a  convenient  coalbasiu  can  be  built.  The  island,  just 
below  Piedmont,  is  well  adapted  to  this  use  if  the  left  channel  is  closed 
by  an  embankment. 

On  this  iNorth  Branch  line  there  are  no  aqueduct-bridges,  no  tunnels, 
and  no  inclined  planes ;  nor  need  there  be  any  doabt  as  to  tbe  water- 
supply  if  the  canal-trunk  is  made  reasonably  tight.      Id  case  of  aeoes- 
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Bitj,  a  reservoir  can  be  bailt  on  Savnge  River,  or  on  the  ITortli  Brancb, 
that  will  fully  make  good  auy  deficiency  in  dry  snmmers. 

The  question  has  arisen  wbetber  it  nonld  not  be  better  to  build  a  lock 
»iid  dam  at  the  bead  of  the  present  Camberland  pool,  and  thus  have  a 
longer  length  of  elackwater  at  the  lower  end  of  this  branch  canal.  On 
this  point  I  cauuot  speak  podtively,  as  it  would  require  a  more  definite 
koowledge  of  the  low-water  discharge  of  the  streain,  the  height  of 
Hoods,  and  the  local  characteristics  of  the  proposed  site  than  we  were 
able  to  acquire.  My  present  opinion  is  that  the  natural  banks  are  so 
low  that  we  would  be  compelled  to  make  a  low  dam  in  order  to  avoid 
expeosive  leveeing  against  floods,  and  that  it  would  not  back  up  sufiQ- 
ciently  far  to  jastify  its  construction.  Moreover,  more  wat«r  is  needed 
for  a  elackwater  Ujan  for  a  canal,  and  judgiug  by  the  low  state  of  the 
Comberland  pool  in  dry  summers,  I  should  consider  it  hazardoos  to 
baild  a  dam  higher  up,  which  will  only  be  supplied  by  one  of  the  two 
streams  that  fill  the  Cumberland  pool. 

This  North  Branch  canal  has  been  treated  as  a  local  estension  to  the 
coal-fields  of  the  existing  Chesapeake  and  Ohio  Canal,  and  therefore 
ita  dimensions  and  draught  have  been  made  the  same  as  those  of  the 
caual  already  built.  It  is,  therefore,  a  smaller  canal  than  the  one  pro- 
jected as  the  Will's  Creek  through -transportation  route. 

From  the  mouth  of  Savage  Kiver  to  the  guard-lock  at  Cumberland 
the  distance  by  the  canal-line  is  30J  miles,  and  of  this  distance  nearly 
3  miles  is  the  elackwater  of  the  Cumberland  pool,  teaviug  28J  miles  of 
canal  proper.  The  fall  is  335.3  feet,  and  is  overcome  by  43  locks,  the 
average  lockage  being  7.8  feet.  The  canal  is  assumed  to  be  of  the  same 
size  as  the  Cumberland  division  of  the  existing  canal,  namely,  62  feet 
width  of  water-surface,  32  feet  width  of  floor,  and  6  feet  depth  of  water, 
vith  locks  100  feet  long  and  15  feet  wide. 

The  flgiimated  cost  J8 $2,656,558 

If  WB  omit  the  npper  two  milcB,  whoM  estimated  cost  is 418,314 

Wc  have  as  the  cost  of  tbe  canal  from  CumbeTlsnd  to  George's  Creek 2,'J38,344 

ADDITIONAL  SURVEYS  NEEDED. 

To  complete  this  subject,  the  following  surveys  should  be  made : 

Survey  of  summit  water-shed  and  reservoirs. 

Relocation  of  liue  in  the  upper  part  of  Wilt's  Creek  Valley. 

Survey  for  an  extension  across  Maryland  to  Chesapeake  Bay. 

The  first-named  might  be  left  ttutil  ivork  on  the  canal  is  actually 
begun,  as  I  think  there  can  be  no  serious  question  as  to  the  practi- 
cabUity  of  supplying  the  canal  with  water,  and  the  work  on  the  summit- 
tnnnel  would  necessarily  consume  so  iruch  time  that  the  reservoirs 
could  be  surveyed  and  built  before  the  tunnel  was  ready. 

The  second  survey  might  also  be  left  until  the  work  of  constractioQ 
isabont  to  begin.  It  is  not  absolutely  essential,  a^  the  present  sur- 
veys have  given  a  practicable  line  of  canal ;  still,  it  is  desirable  to  make 
the  lil^g  of  the  inclined  planes  more  regular,  and  this  part  of  the  line  is 
w  complicated  that  additional  study  will  be  sure  to  repay  its  cost  in 
impronng  the  location. 

The  tbird  survey  I  consider  as  very  important.  The  canal  greatly 
needs  a  connection  with  Baltimore  or  Annapolis,  that  will  pass  loaded 
canal-boats  without  breaking  bulk.  If  the  Chesapeake  and  Ohio  Canal 
is  deserviug  of  being  considered  as  one  of  the  great  through-transpor- 
tation routes,  it  merits  help  in  fijiding  a  better  eastern  terminas  than 
Georgetown.  ,-,  . 
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Dr.  William  Howard,  in  1827,  reported  a  feasible  ronte  from  George- 
town, via  the  Eastern  Branch  of  the  Potomac,  to  Baltimore,  following 
closely  the  present  line  of  the  Baltimore  and  Ohio  Bailroad. 

Messrs.  Fisk  aBd  Haghes,  in  1837,  reported  to,  the  goremor  of  Mary- 
land on  this  roate,  and  Mr.  Isaao  TrimUe,  in  the  same  year,  made  a 
similar  report  to  the  mayor  and  city  coancil  of  Baltimore. 

Col.  J.  J.  Abert,  Chief  of  the  Corps  of  Topographical  Engineers,  in 
1838  reiK>rted  to  the  governor  of  Maryland  a  feasible  route  to  connect 
the  canal  with  Baltimore  by  way  of  Seneca  Oreeli,  the  headwaters  of 
Hock  Creek,  and  Brookville.  His  investigations  were  strictly  limited 
to  rontee  lying  wholly  in  Maryland,  and  tlierefore  did  not  discuss  the 
ronte  via  Eastern  Branch. 

All  of  these  surveys  and  reports  came  to  naught  after  the  constmc- 
tioD  of  the  Baltimore  and  Ohio  Railroad,  but  they  have  again  become 
valaable  on  account  of  the  national  demand  for  cheap  water-transpor- 
iiation. 

I  think  that  tbe  time  has  now  oome  for  re-opening  this  foi^otten  ques- 
tion, to  see  if  these  or  other  routes  are  practicable  and  to  decide  which 
is  the  best. 

I  estimate  the  cost  of  this  snrvey  at  (15,000.  It  will  be  more  expen- 
sive than  the  nsutU  snrvey  of  such  a  length  of  canal-line,  because  the 
great  question  will  be  that  of  water-supply  by  reservoirs  and  feeders, 
and  this  branch  of  the  examination  will  require  a  thorough  snrvey  of 
the  water-sheds  4ying  above  the  line  of  the  cantU,  as  we  know  from  past 
investigations  that  an  exteasioa  to  tbe  Cheaai>eake  is  impracticable 
without  reservoirs. 

Eespeotfutly  submitted. 

Wm.  E.  Merbill, 

Major  Engineers. 

Brig.  Gen.  A.  A.  Humphbbys, 

Chief  of  Engineers,  U.  8.  A. 


RBPOBT  OF  MR.  TUO»^  8.  6RI>GWICK,  ASSMTAKT 

CUMBKRLANI),  Md.,  DmonhfT  1,  1675. 
Sui :  I  have  the  hoDor  to  make  the  folloiring  report  of  the  snrveyB,  made  id  1874  and 
1873,  in  reheard  to  the  exteiuloii  of  the  Cheaapeake  and  Ohio  Canali  westward  from 
Camberland,  Md.  The  anivey  oommenoed  in  1874,  and  completed  in  1875.  was  by  way 
of  Uie  valley  of  Will's  Creek  U>  the  sammit  of  the  Allegbauy  Monntaiua  near  Meyers- 
dale,  Pa.,  (formerly  Meyer's  Mills,)  aod  theooe  by  the  valleys  of  the  Castleman  and 
YonghiOKheny  Rivers  to  West  Newton,  Pa.  The  other  survey  was  made  in  1875,  and 
extended  ftfna  Cnmbwland,  Md.,  np  the  North  Btaiiah  of  tbe  Potomac,  to  Ifa«  moath 
of  the  Skvage  River. 

That  portion  of  this  ronte  f^om  Camberland  to  the  mouth  of  the  Caatleman  Hirer 
at  Confluenoe,  Pa.,  (formerly  Turkey  Foot,)  has  Iouk  been  known  m  tUe  Will's  Creek 
route,  and  was  surveyed  In  1824  by  Capt.  William  G.  McNeill,  of  the  Topograpbioal 
Engineers,  nnder  tbe  clireotion  of  the  Board  of  Engineers  for  Internal  Improvements, 
orKaoised  in  April,  ISM.  The  object  of  the  survey  was  to  compare  this  route  with  the 
Deep  Creek  roate,  whiob  followed  up  tbe  North  Branob  of  the  Potomac,  Savi)^  Bivei, 
and  Crabtree  Creek,  crossing  the  summit  of  tbe  mouataine  by  varioas  lines,  and  enter- 
ing the  ToHKbiogbeay  Valley  either  by  Deep  Creek  or  by  the  Little  Yougbioghenyi 
thence  following  down  the  foaghiogbeny  (o  an  iutereectitfn  with  the  Will's  Creek  route 
at  Turkey  Foot,  now  Cooflnenoe. 

Thb  oomparisoB  showed  tbe  Will's  Creek  roate  to  be  16  miles  shorter  and  440  feat 
lowOT  M  the  mmmit  tfaao  the  Deep  Creek  route,  and  tbe  water-supply  quite  as  abou- 

As  stated  fn  my  report  of  January  30, 18T4,  thepre-eminentadTaotagea  of  this  ronte 
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were  beyond  doabt,  nor  would  there  now  be  any  qneation  in  regard  thereto,  bat  for 
the&ct  th«t  the  PittaborKh  and  ConneUsTille  Kailrood  has  since  been  coHBtmoted 
directly  along  this  ronte  ^1  the  way  from  Cnmberland  to  Confluenoe,  Dccnpyin^,  es- 
eept  near  Conflaence,  the  exact  locatioD,  mile  for  mile,  made  for  the  canal  in  16*24; 
the  same  stateraent  ia  true  for  tbat  portion  of  the  route  from  Conflaenoe  to  Pittsburgh. 
In  ooDHBqnsDee  of  the  Failrosd  tooation  the  line  of  tJie  canal  would  have  to  be  laid 
OD  tb«  oppoBite  or  left  side  of  the  Castleman  Kiver,  eioept  for  a  distance  of  abODt  five 
sod  a  half  mites  east  of  Conflnenee,  and  it  would  likewise  have  to  be  placed  on  the 
Ml  bank  of  the  Yonghiogheny  Eiver,  from  Conflneuce  to  Counellsville,  exCBptin^  at 
Obio  Pyle  Falls  ;  moreover,  on  tbat  portion  of  the  rente  from  Cnmberland  to  the  Rum- 
mit  of  the  mountains,  the  estAblishment  of  the  railroad  has  introduced  uew  conditions, 
so  that  grave  doubts  arose  as  to  the  praolicabilily  of  laying  a  canal  aloDg  thia  section 
at  ll],  at  a  feasible  oost.  To  determine  the  character  of  these  couditioos  and  the  in- 
crciMd  cost  arising  therefrom,  and  to  determine  further  the  cost  of  the  nrhole  line  of 
caoal  tosome  point  ou  the  Yungbioffbeny  (noar  ConnelUville)  wbich  might  be  reached 
by  slaekwater,  the  sorreya  of  the  past  two  seasous  have  been  made. 


Tow  inatmcttoDB  for  beginning  the  survey  weie  received  on  the  7th  of  Angnflf ,  1874, 
bat  owing  to  the  delay  in  making  arrangements  with  prof^ional  gentlemen  to  take 
charge  Mtbe  three  anrreyiug  parties  tLat  were  directed  to  tie  pnt  into  the  Geld  daring 
the  seasoD  of  1874,  Che  two  parties  assi^ed  to  the  ''ivisions  extending  east  and  west 
from  the  summit  of  the  niountaina  did  not  rendezvous  at  Meyersdale  until  the  20tb  of 
Aagust,  and,  owing  to  some  delay  in  the  arrival  of  tents,  they  did  not  get  to  work  until 
the  £»tb  of  August.  The  party  assigned  to  the  first  division,  that  from  Heyeradale  to 
Cnmlierland,  began  operations  .with  energy,  made  a  traverse  of  the  ront«  across  the 
niouDtain  between  Meyersdale  and  the  mouth  of  Bowman's  Run,  and  then  traced  the 
elraigbt  line  connecting  the  points  selected  fur  the  ends  of  the  tunnel  ;  this  tnnael- 
line  wag  found  to  agree  quite  ne:irly  with  the  surveys  of  1S£4  for  the  same  summit 
tonnel.  The  party  assigned  to  the  second  divisino)  that  from  Meyersdale  to  Confluence, 
be^u  work  on  the  26tb  of  August,  following  down  Castleman  River.  Thetbird  party, 
>«igQed  to  the  division  from  Confluence  to  Connellsville,  aasembled  at  Confluence, 
ind  oegan  work  ou  the  1st  of  Septnuiber,  foliowiug  down  the  Yonghiogheny  River  by 
its  left  bank. 

Tbe  party  of  tbe  first  division  prosecuted  their  work  with  diligence,  and  oompleted 
the  survey  of  the  division  to  Cumberland  by  the  2Hlh  of  November.  The  pai-tyou  the 
second  diviuon  had  reached  Finkerton  Station  (Pirlflburjcb  and  Coanellsville Railroad) 
(«  lhe28tb  day  of  Octolier;  and  on  the  same  day  the  third  party  had  pitched  camp  at 
Indian  Creek,  a  station  on  the  Pittsburgh  and  Connellsville  Railroad,  but  their  survey 
vss  7  miles  behind,  extending  only  2  miles  west  of  Ohio  Pyle  Falls. 

In  aceordanoe  with  the  prqject  of  the  survey,  tbe  three  parties  were  to  be  In  the  Seld 
Ibree  months,  but  it  appearing  tbat  neither  of  them  would  be  able  to  complete  the  sur- 
vey irf  its  diviaiou  within  the  allotted  time,  1  arranged,  with  your  consent,  to  disbaad 
the  party  on  the  second  division,  and  to  allot  its  nneipired  time  to  the  other  parties ; 
this  obange  enabled  the  party  on  tbe  brst  division  to  comp.'ete  their  survey  to  Com- 
berlaad,  Tbe  party  on  the  third  division  was  directed  to  oomplete  the  surreys  on  tbe 
second  divlidon,  with  a  view  to  make  the  whole  survey  complete  ftom  Cnmberlwnd  to 
Ohio  Pyle  Falls,  (Falls  City.)  The  result  verified  my  expectatioDa,  m  the  party  on  the 
fint  division  reached  Cnmberland  oa  tbe  2Htb  of  November,  and  tbe  other  party  reached 
Confluence  about  the  5th  of  December,  although  in  eonaeqaence  of  a  heavy  enow-stonn 
tb^  did  not  fully  oouiplete  the  eirrvey  to  that  iilace  until  the  10th  of  December,  but  m 
maiority  of  the  party  was  disroimwd  on  the  30tn  of  November. 

The  difficulties  encountered  on  tlie  snrvey  were  many  and  tronblesome.  Nearly  tb» 
whole  note  from  Meyersdale  to  Ohio  Fyle  Falls  lay  through  an  unbroken  woods,  with 
a  dense  and  heavy  growtji  of  laarel,  through  whioh  the  line  of  the  survey  had  to  be 
cat  day  by  day  and  mile  by  mile,  as  wa«  the  cose  also  on  tbe  first  division  as  fiir  east 
H  Bridgeport.  As  soon  ae  tbe  field-work  was  closed,  the  parties  were  disbanded,  and 
headquarters  established  at  Cumberland,  for  tbe  com^etiou  of  tbe  maps,  profliles,  and 
^ans. 

The  offlee-work  occapled  the  months  of  December,  1874,  January,  February,  and  a 
portico  of  March,  1875,  dnriag  wbicb  time  w«re  prepared  iburteeu  sheets  of  maps  of 
the  line  inrveyed,  on  a  scale  of  1  inch  to  1,000  feet  j  twenty-one  sheets  of  profllee  on 
'he  borizontal  scale  of  1  inch  to  500  feet,  and  vertical  scale  of  !  inch  to  25  feet,  and 
t*snty  ^awings  of  aquedacCa,  bridges,  &c.,  several  of  the  latter,  however,  being 
iDMwpleta. 

The  profile-sheets  show  tbe  longitadinal  profile  of  the  line  as  surveyed,  and  the  posi- 
tioDs  ot  the  locks  on  tbe  line  ;  and  transveree  profiles  of  the  ground  taken  at  frequent 
interralH.  which  illustrate  tbe  general  character  of  the  work  to  be  done  in  forming  tbe 
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Where  tbe  canal  onn  be  formed  b^  a  single  eaibftDbmeDt  b;  taking  lulvantage  of  the 
nlopeof  an  opnoeine  bill  or  mountain,  tbe  Barfoce  of  the  gronud  on  which  tboembank- 
meat  is  to  be  Dalit  is  shown  b;  a  dotted  line.  Sketches  of  the  railroad  bridge  to  be 
paaaed  under  at  Cook's  Mills,  at  tbe  head  of  tbe  Narrows  of  Will's  Creek,  and  street 
bridges  over  Will's  Creek  in  Cnmberland,  are  shown,  wUb  manf  other  details. 

Tbe  maps  show  tbe  general  topography  of  the  line  of  sarvey,  witb  veiy  accntate 
details  of  the  features  of  tbe  adjacent  creek  and  rivers,  and  of  tbe  Pittsburgh  and 
Connelisville  Kailrood.  Tbe  elevations  of  the  streams  are  written  in  their  appiopriate 
places  on  tbe  maps,  fiom  which  the  declivity  of  the  water-courses  may  bo  found  with- 
ont  referring  to  the  profile. 

Infonuatlon  of  an  appropriation  for  the  completion  of  the  survey  having  been  re- 
ceived, the  report  of  operations  in  1U74  was  not  completed.  On  the  Ist  of  April,  1975, 
oMcB-work  was  resumed,  and  on  the  14th  of  June  the  party  organized  for  tbe  comple- 
tion of  the  survey  TeudeEvouied  on  the  Youghiogheny,  at  Ohio  Pyte  Falls,  in  Fairette 
Conuty,  PenuBylvania,  and  prosecuted  the  survey  for  the  caual-eitension  to  Connella- 
ville.  Pa ,  which  place,  17  miles  distant  from  Ohio  Pjle  Falls,  was  reached  on  tbe  20th 

Tbe  section  from  Ohio  Pyle  Falls  to  ConuellBville  was  very  difflenlt  to  snrvey,  being 
extremely  rougb  and  alone;  steep  monn tain-slopes,  covered  with  rocks,  and  with  a 
dense  growth  of  Innrel  reaching  down  to  the  edge  of  the  river,  and  the  party  bad  to 
cross  the  river  twice  each  day  in  a  frail  boat  built  for  that  purpose  at  Ohio  Pyle. 

The  weather  was  very  unfavorable  for  work,  as  daring  twenty  days  of  the  month 
employed  on  this  section  of  the  line  of  survey  there  was  raiu-tall,  usually  quite  heavy. 

From  Connellsville  the  Yonghiogheny  Kiver  was  surveved  with  a  view  to  iniprove- 
meot  by  slackwater  aa  far  as  West  Newton,  a  distance  of  25}  milea,  tbe  survey  ter- 
minating on  the  I'Jtb  of  August.  The  river  was  carefally  traced  by  a  tine  surveyed  on 
tbe  led  bank,  I ri angulations  being  made  to  tbe  opposite  side,  and  numerous  soundings 
taken  on  these  linrs  of  trianguiations.  A  heavy  rise  in  the  river  on  the  6tU  of  July 
interfered  with  the  progress  of  the  work  for  sevnrHl  days,  and  in  cuuseiiilenee  of  the 
high  water  tbe  survey  m>m  Layton  Station  to  West  Newton  had  to  be  conducted  on 
the  right  hank  of  the  river. 

The  levels  were  connected  witb  (he  bench-mark  mode  by  Lieut.  F.  A.  Maban,  Corps 
of  Engineers,  in  1873,  on  the  east  abutment  of  the  bridge  crossing  the  river  at  West 
Newton,  and  described  by  him  as  beiich-marh  No.  1,  with  the  reference,  348.157. 
The  reference  of  this  bench-mark  in  our  flgures  is  763.71,  as  referred  to  the  datum-line 
of  the  old  surveys  of  the  canal. 

In  my  report  of  the  reconnaissance  of  the  Savage  River  route  In  1S73,  T  mode  mention 
of  an  old  bench-mark  pointed  ont  as  made  in  ISiii,  tbe  reference  of  which  n-aa  marked 
on  tbe  bench  itself  lUZS,  the  datum-line  as  shown  by  tbe  old  reports  being  Inw-lide  aC 
Georgetown,  D.  C.  This  bench-mark  and  reference  was  taken  as  the  base  for  the  snr- 
veye  of  1874,  and  when  these  surveys  were  brought  down  to  CnmlKrland,  it  was  found 
that  tbe  reference  of  the  bottom  of  the  canal  at  the  feeding-lock,  aa  thus  determioed, 
diSbred  hut  l.%>  feet  from  its  elsvation,  as  determined  during  the  construction  of  the 
canal.  The  levels  of  tbe  snrvey  on  the  western  slope  of  the  monnlains  were  continned 
from  Ohio  Pyle  Falls  to  West  Newton,  and  they  gave  us  the  reference  of  Lieutenaot 
Maban's  heucb-mark  the  figures  recorded  above. 

A  measurably  complete  location  of  the  line  of  tbe  proposed  canal  bos  been  made  ftom 
Camberland.  Hd.,  to  tbe  moutb  of  Dunbar  Creek,  1  mile  above  Connellsville.  Special 
atteatioD  bas  been  given  to  its  alignment,  tbe  crossing  of  streams  and  rivers,  the  loca- 
tion and  pnsition  of  locks  and  planes,  and  their  lifts  and  heights,  tbe  selection  of  sites 
for  dom-t  to  torn  tbe  available  feed-water  of  contignons  rivers  and  creeks  into  the 
canal  under  tbe  niost  favorable  couditions,  and  to  tbe  location  of  basins,  rood-croes- 
iogs,  aqueducts,  cnlverts,  and  other  masonry  structures. 

Tbe  study  of  the  application  of  inclined  planes  to  the  canal,  as  sabstitntea  for 
locks,  as  described  in  my  supplemental  report  of  March  30, 1874,  has  been  mode  a 
special  feature  of  tbe  snrvey.  especially  in  tbe  section  from  the  snromit  of  the  monntain 
to  Cook's  Mills,  10  miles  north  of  Cumberland,  and  locations  of  Inclined  planes  have 
been  made  on  that  section,  aud  several  also  on  tbe  descent  of  tbe  western  slope  of  tbe 
moantaius. 

Thegeneralcharact-eroftbesnrreyhasbeenfbracanalof  tbe  flrst-clasB.havinga  width 
at  the  water-surface  of  70  feet,  and  a  depth  of  7  feet,  with  locks  120  feet  long,  and  20 
feet  wide.  This  size  of  lock  will  pass  boats  carrying  180  tons,  and  themselves  weigh- 
ing about  94  tons.  These  dimensions  of  the  canal  prism  have  been  varied  wherever  the 
local  conditions  indicated  such  changes  to  be  desirable  or  necessary,  Aqoeducts  have 
been  designed  for  a  clear  width  of  45  teet ;  at  deep  rocb-cnttings,  and  on  steep  aide- 
bill  slopes,  where  to  construct  a  canal  of  the  standard  dimensions  would  be  oneronaly 
expensive,  the  oanal  width  has  been  reduced  to  4.')  feet ;  a  similar  reduction  in  width 
is  made  where  tbe  canal  Is  spanned  by  permanent  bridges.  This  width  will  allow  two 
boats  to  pass  each  other  at  the  restricted  places,  which  I  consider  an  essential  feature 
in  a  first.class  canal,  more  particolarly  in  view  of  tbe  probable  early  nse  of  at«anj  on 
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encb  euials.  At  all  the  narrow  plooes  iodioatod  above^  tbe  aides  of  the  water-priiim 
«i]l  be  Dearly  perpbudicular,  ana  the  seotioDal  area  wilt  be  from  305  to  30d  equate 
ftet,  a  loftH  or  about  24  iter  cunt,  u  compared  witli  the  fall  seetion  in  earth,  wicb  slopea 


Tiiith  of  the  boat,  and  a  sectional  area  3.67  titnee  the  eross-aeotioii  of  a  boat.    The  to- 
tal length  of  eaoh  restricted  pUcea  is  Dot  greater  than  jndlcions  eoonom;  seems  to  war- 

ORNBRAL  PE&TCRE8   OF   THE   ROUT!   AKD  OF  THE   SURVEY. 

The  sommit  tunnel  is  located  at  tbe  same  place,  and  on  tbe  same  line  epleoteit  by 
Ibe  Bnrreys  of  1824,  the  desieu  at  that  time  beinfc  to  take  the  feed-nat«r  fhini  a  large 
re«rvoir  to  le  provided  on  CastlemaD  River  at  Forney's  (now  LivenpHxl's)  Mill,  aboat 
I  mile  below  Salisbnrj,  Pa.    The  lenpth  of  this  feeder  would  have  been  SJ  miles. 

In  tbe  report  of  the  surveys  made  in  1873,  on  the  Savage  Eiver  ronte,  1  staled  that 
I ba  reservoir  at  Livengood's  Mill  would  now  be  Impracticable  on  aoconntof  the  valua- 
ble property,  public  and  private,  that  would  be  submerged  thereby,  and  tbe  oousidera- 
tion  of  the  great  Ions  of  water  that  would  take  place  on  a  feeder  5^  miles  long  led  me 
to  annme  a  snmmlt-level  28  feet  lower  than  that  adopted  by  the  sarreys  of  \^45.  By 
tbia  arrangement  of  the  summitlevel  the  feed-water  of  Caatleman  Uiver  can  be  taken 
Mapoint^eaa  than  one-half  of  a  mile  from  the  western  basin  of  the  summit-level  and 
There  a  storage  reservoir  of  a  large  capacity  dn  be  made. 

The  elevation  of  the  bottom  of  the  tunnel  was  taken  10  feet  higher  than  the  month 
of  Flaugherty  Creek,  and  its  elevation  above  tide  at  Oeorgetowo,D.  C.,  is  therefore 
1,944  feet.  The  line  for  the  tunnel  was  carefully  surveyed  aud  ita  length  was  found  to 
be  3}  miles,  the  tunnel  being  46  feet  in  clear  width  and  2)j  feet  in  clear  height.  Tbe 
cot  at  the  western  approach  is  6,t<00  feet  in  length,  and  that  at  the  eastern  approach 
1.450  feet.  A  basin  1,300  feet  long  is  provided,  in  the  village  of  MeyerHda1e,Juat  beyond 
the  ireet«m  approach ;  it  is  formed  by  an  embankment  on  the  Left  made  from  tbe  waste 
material  from  the  approach  cut  and  a  nataral  bank  on  the  right ;  at  the  eastern  ap- 
DTDach  a  basin  of  the  same  size  is  to  be  excavated.  The  total  length  of  the  snmmit- 
level  is  .'i.Sn  miles. 

tV>llowinK  the  line  of  survey  nestward,  the  canal  turns  to  the  right  ODt  of  tbe  valley 
of  Flaugberty  Creek,  through  the  town  of  Meyersdale  into  the  vallev  of  Caatleman 
RiTer,  lying  between  the  Pittsburgh  and  Connelleville  Railroad  and  ttie  river,  on  the 
edge  of' the  river-bank.  It  oontinaes  in  tbis'pOHiCion  for  a  distance  of  1.75  miles,  and 
in  this  section  there  are  two  locks  of  6  feet  lift  each.  Provision  is  made  for  feeding 
the  caual  from  Caatleman  River  Just  below  the  second  lock  ;  tbe  conditioua  being  fa- 
vorable for  a  dam  18  feet  high,  which  wonld  form  a  reservoir  of  oonsiderable  capacity. 

Beyond  this  the  canal  lies  at  the  foot  of  a  blnff  bill,  around  which  it  tarns  to  the 
ligbt,  being  formed  by  the  tow-path  embankment,  and  then  tnmini;  to  the  left  crosses 
the  river  at  2.37  miles  from  Heyeisdale,  the  aqueduct  being  '250  feet  long.  Immediately 
alter  the  croaaing  of  the  river  the  canal  for  a  distance  of  900  feet  is  formed  by  the  tow- 
path  bank  on  the  right  and  a  natural  hillside  on  the  left.  Vrom  this  crossing  of  the 
liver,  until  within  5.4  miles  of  Confluence,  tbe  canal-line  lies  on  the  left  bank  of  the 
liver.  The  general  character  of  the  valley  is  alternately  flat  bottom-lands  and  steep 
aide-bill  alopee  coming  down  to  tbe  edge  of  tbe  river ;  but  the  Sat  ground  is  greatly  in 
eieesa,  and  the  conditions  generally  favorable  to  economy  of  construction.  The  line 
is  oflcD  laid  doee  along  tbe  bank  of  the  river  at  tbe  foot  of  steep,  rocky  slopes,  and  fre- 
quently requires  to  be  sapported  by  a  retaining- wall  founded  on  the  rocky  bed  of  the 
river  Three  inolined  planes  have  been  located  on  this  portion  of  the  line ;  one  of  54 
feet  height  at  S^  miles  l)elow  Garrett  Station, (Pittsburgh and Connellsville Railroad;) 
one  of  ^  feet  height  just  opposite  Caatleman  Station,  and  one  juat  below  Pinkerton  of 
36  feet  height.  The  number  of  locks  on  this  section  is  22,  with  lifts  ranging  from  8  to 
16  feet.  The  lifts  are  made  to  increase  gradually  as  the  line  progi«wes  down  stream, 
which  arrangement  seems  to  be  warranted  by  the  increase  intlie  supply  available  firum 
the  river  for  feeding  the  eanal. 

From  the  otoasing  of  tbe  river  near  the  Brooks  Tunnel,  on  the  Pittsbargh  aai  Con- 
qellsville  Bailioad,  oy  anaqneduot  180  feet  long,  to  the  oroeaing  of  the  river  Just  above 
Cogflaenoe,  there  are  five  locks,  and  one  plane  of  40  feet  height,  the  latter  being  at 
Bainedaville.  Tbe  avenwe  length  of  the  levels  la  1.07  miles ;  the  shortest  levels  are 
three  in  aaaoeaBlon,  of  S,On)  feet  each,  while  the  longest  one  is  4.07  miles  loig, 

Etetween  M^mdale  and  Conflaence  the  canal  is  fed  from  the  river  at  tluve  places, 
at  aboat  eqoal  distances,  by  dams  to  be  built  across  the  river  with  heights  of  from  16 
to  18  fsrst,  forming  reservoir  pools.  One  of  these  pools  will  be  within  1}  miles  of 
Usyersdate,  another  at  Mineral  Point,  some  10  miles  farther  ou,  and  the  third  near 
FortHUL 

Tbsre  are  oo  large  streams  coming  In  on  tbe  left  side  of  the  river,  and  only  abont 
two  or  three  that  will  require  a  culvert  so  large  aa  SO  feet  span.  Between  Pinkerton 
Station,  ou  the  PittsbnigQ  and  CoDnellaville  Bailroad,  and  Confloence  the  river  is  very 
crooked.    Tbe  Pinkerton  Bend  is  D«arly  2  miles  long,  maarared  by  the  left  bjtnk  of  tlw 
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river.  The  d)stM)c«  aerow  the  bend  i»  3,500  feet,  bot  this  roote  woald  D<>cee«ilftt«  two 
»(|ueiluoC«  »Qd  the  oonatmction  of  a  tanoel  SMiie  800  or  900  feet  long.  Tbere  was  not 
BQfflcieot  time  U  oar  diq>oMl  to  aorvey  this  alternative  line. 

Tbe  eanaJ-line  is  plaonad  to  orou  the  Costleman  Juet  above  the  town  of  Coodaeiioe, 
'--  ~n  aquednot  330  feet  IodRi  to  the  tonxne  at  land  lyiufi  between  the  CaaUeman  and 
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The  distaDce  from  Meyeradale  (o  the  mouth  of  the  Castleman  Is  33.9  milee.  and  the 
fall  of  the  Catilleniaii  in  that  distance  is  61G  feet,  which  is  aa  averace  of  19.3  feet  per 

After  croBsiDK  the  Youfthiogheoj,  aa  Jaat  deacribed,  the  line  is  laid  aloDg  the  left 
bank  to  Ohio  Fyle  Falla,  a  distance  of  11  miles,  in  wbioh  distance  the  river  falls  106 
feet.  Ihe  gBQeral  features  of  this  aectiou  are  very  fiimilar  to  those  between  Ueyers- 
dale  and  Confluence.  Theie  are  eight  looksi  aggregating  IDS  feet  of  lockage.  Oae 
and  a  quarter  miles  below  Confiuence  there  are  lour  loclu,  having  intervals  of  2,000 
feet,  followed  by  a  level  3,Q4  milee  long.  Each  of  the  remaining  levels  ia  more  tluiD 
one  mile  long.  The  canal  is  fed  from  the  river  at  a  point  2.^  mues  below  Confluence, 
where  there  is  an  excellent  site  for  a  dam. 

At  Ohio  P;le  Falls  the  river  makes  a  great  horseshoe  bend,  which  ia  1.9  miles  long, 
as  measured  along  the  left  bank,  while  the  diatanoe  aoiosa  the  neck  of  the  bend  is  bot 
1.1^  feet,  or  but  a  few  feet  more  than  one-third  of  a  mile.  In  Uiia  distance  the  river 
&lla  94.T  feet 

Tbe  canal-line  crossee  the  river  at  the  apper  end  of  the  bend  by  an  oqaednot  420  feet 
long,  and  tbe  neck  is  passed  by  a  cut  IG  feet  deep  at  tbe  highest  point.  Tbe  descent 
to  tbe  river  on  tbe  other  side  ia  made  by  a  plane  HO  feet  in  height,  and  the  line  imme- 
diately recrosaes  the  livei  by  an  aqueduct  210  feet  long  at  a  height  of  2d  feet  above 
tbe  surface  of  tbe  river.  A  feeder  is  provided  to  empty  into  the  oanal  just  below  the 
foot  of  the  piaue,  from  a  dam  to  be  built  about  one  mile  above,  on  the  bend  of  the  river. 

There  are  but  few  places  between  Cuaflueoce  and  Ohio  Pyle  Falls  where  tbe  condi- 
tions require  the  narrowing  of  tbe  canal  below  tbe  etaodard  width,  althoUKb  tber^  are 
several  places  where  tbe  canal-liue  lies  on  steep,  rocky  slopes,  and  cccasionaliy  the 
bluSs  come  down  to  tbe  river  aud  force  tbe  line  to  the  water's  tiige.  Id  these  oases 
retain iug- walls  are  proposed  to  support  tbe  uanal.  Rock  excavation  obtaius  on  nearly 
tbe  whole  length  of  this  section,  as  tliero  is  but  a  limited  amount  of  bottom-land,  and 
there  will  couseqnently  be  tiome  difficulty  in  procorioe  sufficient  clay  for  puddling 
purposes.  Tbe  Castlemanand  Yuugliiogheny  Rivenj  both  duw  ia  rock  .beds,  and  nearly 
all  the  retaining- wall  a,  locks,  culverts,  aud  aqueducts  can  be  founded  on  bed  rock  ;  and 
at  nearly  all  the  places  where  tbe  cuual-linu  is  laid  close  on  tbe  river-bauk,  there  are 
low,  alluvial  lauds  on  the  opposite  side  of  the  river  in  which  new  cbaonels  for  tbe  river 
may  be  cheaply  made,  fumisLing  at  the  same  time  clay  for  tigbteuing  aud  puddling  the 
canal-banks.  liock  will  be  so  greatly  in  excess,  that  the  rctaiuing-walb<  may  be  laid  ap 
with  exterior  slopes  varying  at  plensurefrum'lon  1  tol  ou  1,  and  of  any  required  thick- 
ness, at  tbe  cost  of  laying  the  stouea  in  place.  The  some  remark  is  applicable  to  slope 
and  protection  walls. 

From  Ohio  Pjle  tlie  line  continues  along  the  left  bank  of  the  river  to  the  month  of 
Dunbar  Creek,  one  mile  above  Counellsville,  at  wbiuh  point  the  survey  for  the  canal 
ended.  This  section  is  15j  miles  long  snd  has  eight  locks  of  Iti  feet  lift,  one  of  14  feet, 
one  of  13  feet,  two  of  IS  feet,  and  one  of  10  feet,  and  one  plane  of  TO  feet  height,  oppo- 
site StewartoD  Station,  on  the  Pittsburgh  and  Connellsville  Railroad.  The  lockage 
of  this  section  aggregates  273  feet,  and  iu  this  distance  the  river  falls  247  feet.  XEe 
level  preceding  the  mane  ia  1.6d  miles  long,  another  is  2.27  miles  long,  and  the  remain- 
der vary  in  length  from  sis-teoths  to  one  and  three-tenths  miles.  The  oanal  enters  the 
bed  of  the  river  opposite  Indian  Creek,  where  it  is  wide  enough  to  allow  the  forma- 
tion of  the  tow-path  in  its  bed,  tbe  canal  being  contained  between  this  embankment 
and  tbe  steep  mountain -slope  that  descends  to  the  water's  ed^e.  At  tbia  place  the 
canal  should  lie  again  fed  from  tbe  river  by  coostructing  a  dam  just  below  the  mouth 
of  Indian  Creek,  which  is  a  stream  of  considerable  si7,e.  The  caual-line  terminates  by 
entering  the  Yougbiogheny  at  the  mouth  of  Dunbar  Creek,  immediately  after  passing 
.jinder  the  Fayette  County  Branch  Railroad. 

The  occupancy  of  the  river-bank  below  Dunbar  Creek  bj  tbe  Southwest  Pennsylva- 
nia BailroHil,  whose  embankment-slope  reaches  into  the  riter,  would  require  the  oanal 
to  be  laid  In  the  river  if  it  were  coutinued  to  Connellsville.  The  termiuation  at  tha 
month  of  Dunbar  Creek  was  chosen  on  account  of  the  expectation  that  navigation  np 
to  Connellsville  would  be  secured  by  locks  and  dams  in  the  Youghiogbeny  itself,  and 
that  the  npper  pool  of  this  slsckwater  would  at  least  extend  to  the  end  of  the  canal- 
line.  Since  the  completion  of  the  survey  of  the  river  to  West  Newton,  and  after  study- 
ing it  in  company  with  yourself  during  your  tour  of  inspection  about  the  1st  of  Sep- 
tember, I  am  now  decidedly  of  tbe  opinion  that  the  canal  should  be  extended  to  West 
Newton,  for  the  following  reasons : 
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If  ttie  river  irera  locked  and  dammed  from  ConDellaville  to  West  NewtoD,  merelj  ss 
u  eiteuBion  of  the  cmiaI,  wltb  looks  of  the  aame  size,  it  would  not  be  much  more 
*d>uiCageoae  fbt  oommerce  than  an  iodependent  codbI  between  the  iame  points. 

A  luce  sarfiMe  woald  be  espoeed  to  evaporation,  and  there  would  be  an  increaMd 
1<M  of  water  from  tbie  caose. 

Tow-patba  wonld  have  to  be  oonstractad  along  the  whole  lenfc^  "^  ^'"  alackwater. 

The  in  terra  ptioDg,  oaneed  bj  floods,  wonld  be  oonsiderable  on  the  slaokwaler,  while 
the  canal  woald  be  perfectly  fit»  from  annoyance  from  this  cause. 

The  expense  of  bnildinj;  locks  and  dams  in  the  bed  of  the  river  would  probably  be 
>t  least  equal  to  the  cost  of  the  canal,  and  from  the  necetsitiee  of  the  ease  these  oon- 
UrnctioDs  would  be  much  more  exposed  to  injury,  and  mon  difficult  to  prevent  from 

The  oontrot  of  the  limited  wat«r-Bnpp1y  would  be  much  more  effectual  on  the  canal 
tbauDD  the  river,  and  less  would  probably  be  needed  to  keep  op  navigation. 

If  tbe  locks  in  the  river  below  Connellsville  were  to  be  made  large  enough  for  ateam- 
bo.te  there  wonld  be  a  Decessity  for  an  increased  sapply  of  water,  and  tb^v  seeniB  itood 
reasoD  to  fear  that  such  increase  oonld  not  be  obtaiued  during  dry  Bummecs  withoat 
eDDBtractiD);  large  and  costly  reservoirs. 

Foi  these  and  other  reasons  1  thiuk  that  the  oanal-liue  aboald  be  extended  to  Wert 

Betumlns  Cow  to  the  sammit  of  the  moant«ias  aod  following  tbe  line  of  Bnrve7 
eastnard,  the  caDol  is  laid  along  the  side-hill  slopea  of  tbe  Will'e  Creek  Valley,  and  in- 
clined planes  have  been  freely  uied,  tbe  steepness  of  tbe  descent  making  tbe  mse  of  locks 
of  ordiuary  lifts  iuipracticaUe  except  in  special  local itiM. 

ThHsnntaiit'levelexteDdH  to  apoint  1.35  miles  eaat  of  tbe  eastern  portal  of  the  tnnnel, 
aud  terminates  at  a  plane  of  64  feet  in  height;  the  level  commencing  at  the  foot  of  this 
place  is  0.^  miles  in  length,  oiid  ends  at  a  plane  60  feet  high ;  the  third  level  is  1.59 
miles  long,  and  tbe  plaoe  at  it«  eastern  end  is  100  feet  in  height :  tbe  foorth  level  is 
0.^  miles  long,  tertninsting  at  a  plane  of  35  feet  in  height ;  the  fifth  level  is  1.57  mik s 
long,  and  the  plane  at  its  eastern  end  is  120  feet  high ;  the  sixth  level  ia  one-qnarter 
of  a  mile  long,  and  the  plane  tbat  follows  it  is  20  feet  high.  This  plane  descends  into 
Ibe  bed  of  Will's  Creek,  to  avoid  a  very  bad  location  on  a  steep,  rocky  hillside,  where 
ihe  caoal,  if  built,  would  have  been  restricted  to  45  feet  of  width.  By  the  arrange- 
ment adopted,  the  fait  width  nf  canal  is  secured,  and  a  pool,  or  basin-reservoir,  is 
formed  at  Sauthamptou,  2,000  feet  long,  100  feet  wide,  and  more  than  7  feet  in  depth. 
Tbe  pool  is  formed  by  a  dam  Ilj  feet  high  and  150  feet  long,  wbiob  tarns  all  the  water 
of  Will's  Creek  into  tbe  caoal  at  a  dititaoce  of  61  miles  from  the  eastern  end  of  the 
snmmit-level.  Tbe  seveoth  level  is  2.04  milee  long,  and  ends  at  a  plane  107  feet  high. 
Ai  this  level  leads  out  from  the  pool  at  Southampton,  a  guard-look  will  be  needed  for 
nse  when  a  flood  on  the  stream  raises  tbe  pool  above  the  ordinary  level.  Savage  Run 
M  crossed  by  tJiis  level  on  ao  aqueduct  of  63  feet  span.  Incline  So.  7  also  descends  to 
Ihe  bed  of  the  creek,  where  a  pool  is  formed  by  a  dam  at  the  crest  of  the  falls  of  Will's 
Creek;  from  this  pool  the  canal -line  pae  <e3  throngh  a  tunnel  400  feet  long,  and  atones 
tnjsMB  Will's  Ci-eek  at  an  elevation  of  36  feet  above  Uie  bed  of  the  stream,  "oy  anaqae- 
dnct  of  two  spans  of  50  feet  each  ;  on  leaving  this  it  strikes  the  natural  surface,  oo 
vbich  it  continues  for  a  distance  of  1,000  feet,  and  then  recrosaes  Will's  Creek  at  an 
elevation  of  49  feet  above  the  stream  by  an  aqueduct  of  two  srabea,  each  of  50  feet 
span.  This  level  is  three-quarters  of  a  mile  long,  and  has  one  dam,  one  tunnel,  and 
too  aqueducts;  it  is  terminated  by  a  plane  {Ho.  8)  of  72  feet  in  height,  which  takis 
tbe  canal  down  to  the  bed  of  the  stream.  Tbe  stream  is  followed  for  a  distance  of  400 
foet,  and  the  line  then  cuts  throngh  a  sharp  poirt,  the  length  of  catting  being  200  feet, 
aed  its  extreme  depth  75  feet. 

Iiutoediately  after  leaving  the  cot,  Will's  Creek  is  crossed,  at  an  elevation  of  20  ftet 
above  tbe  bed  of  the  stream,  with  three  spans  of  4U  feet  each.  The  line  then  strikes 
a  terrace,  where  the  cutting  on  the  canter  line  is  3  feet,  for  a  distance  of  1,000  feet, 
when  it  i^iu  crosses  Will's  Creek  at  an  elevation  of  35  feet,  with  three  spans  of  50 
(i  ^t  each.  From  this  place  this  level  holds  its  way  along  the  steep  slope  of  the  moant- 
sin  on  the  aonth  side  of  the  stream  for  a  diatanae  of  S.03  miles,  ending  at  plane  No.  9, 
vbich  has  a  height  of  116  feet.  Tbe  tenth  level  is  0.43  of  a  mile  in  leugth,  and  ends 
with  a  plane  of  71  feet  height.  The  next  level  is  0.5S  of  a  mile  in  length,  aodterrai- 
oaces  at  a  plane  of  119  feet  heizht,  which  descends  to  tbe  bed  of  Will's  Creek,  at  13.94 
miles  from  the  eastern  end  of  tne  summit-level.  Tbe  line  waa  brought  down  to  the 
creek  becnnse  It  was  fouud  to  be  verv  difSoult  to  get  around  the  point  of  the  moan  tain 
at  this  place,  as  the  change  in  directmn  was  120°,  and  a  nearly  perpeu  die  alar  face  of 
rock  had  to  be  passed  at  an  elevation  of  115  feet  above  the  valley.  Farther  examiua- 
tiooa  maf  resnlt  in  getting  a  favorable  passage  around  this  poiut  by  a  tunnel.  A  neir 
rSannel  ta  to  be  made  for  the  creek  to  the  lett  of  its  ptesent  bed,  and  a  atocage-reaet- 
vair  is  located  here,  foedinc  directly  Into  the  canal. 

After  pasainc  the  point  jaBt  mentioned,  which  is  opposite  the  mouth  of  Ooosebeny 
Cn:ek,  by  two  locks  of  8  feet  lift,  and  two  levels,  each  1,200  feet  long,  the  valley  of 
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Will's  Creek  oeBsea  to  be  k  narrow  raviae,  widening  ont  into  beantifal  meKdowB,  sad 
thero  ore  no  obaU^lea  of  more  tbui  ordinary  difficnity  until  we  appraacb  the  Narrows 
near  Cumberland.  A  level  two-tbirde  of  a  mile  louK,  aud  a  plane  40  feet  bieb ;  oaother 
level  of  abont  tbe  same  length,  aud  a  plane  60  feet  aif;b ;  and  a  tbird  levelnf  If  miles, 
wiCb  a  plane  TO  feet  bigb,  brings  tbe  line  to  a  point  six-tentlis  of  a  mile  south  of  Bridge- 
port. Tbenoe  we  have  a  level  1.44  mllisg  Ioqki  and  a  plane  55  feet  high,  followed  by  a 
level  l,4ri  miles  long,  with  a  plane  46  feet  high,  bringint;  the  line  to  within  1  mile  of 
Cook's  Mills  Sl&tioD,  on  the  Pittsburgh  and  ConnellBville  Railroad.  From  tli is  point 
to  Cumberland,  a  distance  of  10.4  milea.  there  ie  but  one  plane,  as  the  caual  lies  ia  a 
wide,  open  valley,  and  tbe  descent  can  be  satisfactorily  made  bv  iocks. 

In  this  distance  of  10^  miles,  tlie  fall  of  the  creek  is  Ifi^l  feet,  and  this  fall  will  iie- 
casaitale  twenty-one  locks,  eacli  of  H  feuC  lift.  It  is  not  considered  ndvisablu  to  make 
the  lifts  greater  than  this,  aa  tbe  larger  portion  of  the  water-supply  betweeu  ttie  sum- 
mit  and  Camberlnnd  most  be  drawn  from  tbe  summit- level.  Vwe  of  the  twenty-one 
locica  must  be  placed  in  tbe  Narrows  within  a  distance  of  2  miles,  as  the  fall  it  the 
stream  is  greater  here  than  above.  In  tbe  Narrows  the  locks  are  with  but  one  excep- 
tion at  equal  iatervals,  of  nearly  2,300  feet,  which  is  not  at  alt  a  bad  condition. 

The  caoal  is  necessarily  taken  aoder  the  Pittsburgh  and  Con  alalia ville  Railroiul, 
where  It  crosses  Will's  Creek,  near  Cook's  Mills  Station,  and  its  bottom  is  placed  at  a 
depth  of  IS  fuet  below  the  bridge-chords.  Again,  2.6  miles  furtbur  on  it  is  oeceesary 
to  take  it  nuder  tlio  Camberlaod  aud  Bedford  R.kilroad,  near  EUevslie  Station,  at  the 
same  depth  as  at  tbe  fi^st-tiamed  crossing.  At  the  first  place  there  is  ample  room 
under  the  present  bridge  for  tbe  canal  by  taking  it  under  the  westerumost  of  (he  fonr 
100-foot  spans,  bat  at  tbu  crossioK  of  the  Bedford  Railroad  a  uew  span  will  be  neceesi- 
tated  »o  aa  to  make  room  for  the  caoal  on  the  west  side  of  the  creek.  From  this  point 
on,  tbe  canal-line  lies  betweeu  tbe  railroad  and  tbe  bed  of  Will's  Creek,  until  it  reaches 
tbe  gorge  at  tbe  niontb  of  Broddook's  Run  st  the  north  end  of  the  Narrows. 

At  four  places  below  Bridgeport  tbe  canal  is  laid  in  tbe  bed  of  tbe  stream,  and  pro- 
vision is  mode  for  a  uew  cbaouel  for  tbe  creek  to  tbe  luft,  the  eXL-avated  material  l>e- 
ing  taken  to  form  the  tow-path  embankment,  which  is  also  tbu  gnard'bauk  agaiust 
floods.  Wherever  the  creek -ohannel  is  oncapied,  a  natural  bill  or  Iwiuk  forms  thel>erm- 
side  of  the  canal,  wbile  but  a  low  height  of  tow-path  bank  is  Tiii|iiired  to  form  the 
canal,  the  natural  surface  on  which  the  tow-path  is  hi  be  placed  being  generally  from 
6  (o  8  feet  above  the  bud  of  the  oreek.  By  providing  in  snob  cases  new  cbanneia  for 
tbe  orsek  to  the  left  of  the  present  channels,  we  are  enabled  to  keen  the  oreek  to  the 
left  of  the  caual-tine  to  within  a  mile  of  the  Narrows,  wliere  tbe  canal  crossee  the  creek 
for  the  last  time  by  an  aqueduct  170  feet  long.  To  a  sort  distance  farther  the  canal 
mast  be  taken  under  the  Pittsburgh  and  Connellsville  Railroad  embankment  and 
down  to  tbe  bed  of  the  creek  by  means  of  a  plane,  after  which  it  passes  uuder  tlie 
Eckhart  Branch  Railroad,  for  wbicb  an  additional  arch  or  a  trnss  bridge  must  be  pro- 
vided. From  this  place  to  Cumberland,  the  canal  and  the  oreek  will  occupy  the  Nar- 
rows between  the  railroad  on  the  left  aud  tbe  National  Road  on  the  ri^ht,  and  will  be 
separated  by  a  masonry  division  and  guard-wall  from  IS  to  '2:>  feet  nigh,  the  cantU 
being  on  tbe  left  next  to  the  railroad.  There  is  room  all  the  way  through  the  Nar- 
rows for  a  canal  70  feet  wide*  and  for  a  water-way  100  feet  wide  for  the  oreek,  and 
tbie  is  ite  present  averaj^e  width,  Tbe  width  ueoeesary  for  canal  and  creek  Is  obtained 
by  removing  tbe  side  alopes  of  the  railroad  and  of  the  National  Road,  and  supporting 
these  toads  by  retaining- walls.  By  these  ineanE,  tbnngh  very  expensive,  there  is  no 
diffloulty  in  passing  tbe  Narrows  with  ignite  favorable  conditions  of  stability  for  the 
vorksof  tbe  canal.  The  oanal  passes  under  tbe  National  Road  where  the  latter  bridges 
the  creek,  and  this  will,  therefore,  necessitate  an  additional  arch  or  trussed  spaa,  or, 
preferably,  the  road- bridge  might  be  destroyed  and  the  National  Road  oarried  over  the 
creek  and  canal  by  an  iron  tmsa-bridge  leading  to  the  jnnotion  of  Center  and  Me- 
chanic streets,  near  the  northern  suburbs  of  the  town.  The  proposed  new  bridge  wonld 
have  the  advantage  of  keeping  tbe  National  Boad  away  from  tbe  railroad,  aud  thus 


*  The  width  of  the  oanal  at  and  throngh  tbe  Narrows  has  been  determined  b;  the 
conuderation  that,  should  tbe  canal  be  extended  by  this  rente,  the  shipment  of  coal 
firom  the  George's  Creek  mines  would  most  probably  be  made  at  the  mouth  of  Jen- 
DlugB's  Run,  4^  mUee  from  Cumberland,  aud  1}  miles  north  of  the  Narrows:  therefore 
the  aection  of  tbe  canal  in  the  Narrows  should  be  of  the  full  standard  widen,  in  order 
to  accommodate  tbe  great  coal  hnsiness  that  already  requires,  at  Cumberland,  the  pae- 
sage  over  the  terminal  level  of  from  80  to  100  boats  per  day. 

If  the  oanal  were  lessened  in  width,  tbe  Ixiats  would  have  trouble  in  passing  each 
other;  and  ehoald  several  ascending  Iwats  crowd  into  the  same  level,  it  would  be  si 
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That  portion  of  the  canal  between  the  mouth  of  Jeaninga'a  Ran  and  the  head  of  the 
NuTOWB  ma;  be  improved  in  location  by  crossing  the  oieek  iost  below  theif^orge  at 
tlie  month  of  Jennings's  Ban,  and  supporting  a  level  on  the  bilUslopes  on  the  left  side 

of  tbe  creak,  and  nsinp  a  plane  of  (15  feet  height  at  the  same  location  as  that  indicated 
for  thi  plane  39  feet  high.  The  difference  in  the  cost  of  tbe  earth-works  would  not  ba 
T«r;  great,  the  aqnedactewonld  balanoe  each  other,  and  eight  looks  wonld  bt>  avoided. 
Hie  line  would  be  somewhat  lengthened  by  the  improved  location,  bnt  buats  coakd 

Cover  the  iDolioed  plane  and  tbe  longer  level  in  less  time  then  they  could  over  the 
ted  line,  with  seven  levels  and  eight  locks.  The  saving  in  time  would  be  aboat  46 
tuluutee. 

The  eastern  slope  of  the  canal,  from  the  snmmit-tunnei  to  Cumberland,  raust  matolf 
depsnd  far  its  water-supply  upon  the  som rait- feeder,  but  arrangements  have  been  made 
to  inro  the  available  flow  of  Will's  Creek  int-o  the  canal  by  means  of  dams  and  short 
feeders  and  by  occaaioually  bringing  the  canal  iota  tbe  bed  of  the  stream,  as  at  Soatb- 
impion  and  at  the  falls  of  Will's  Creek.  Feed-water  is  also  taken  fonr  timee  between 
Bridgeport  and  Cnmberland,  at  each  of  those  places  where  the  bed  of  the  creek  Is  to  be 
oocapied  by  the  canal  and  a  new  channel  made  tor  tbe  creek.  Tbere  am  several  small 
■beamB  emptying  into  Wilt's  Creek  upon  which  reservoirs  conid  be  made,  the  largest 
CMS  being  Little  Will's  Creek,  Jennings's  Run,  and  Braddock's  Bun,  eacb  of  whicii 
would  field  water  enough  to  replenish  the  ordinary  losses  on  5  or  6  miles  of  the  canal. 

There  was  neither  time  nor  a  sufficiency  of  funds  to  make  the  neoeasary  examinationa 
in  regard  to  the  snpply  of  feed-water  for  the  summit-level  of  the  canal.  As  outlined 
ID  my  report  of  explorations  made  in  1873,  tbe  supply  must  be  stored  in  large  reaer- 
Tojn,  to  be  located  in  the  valley  of  Caatleman  River  above  Heyersdale,  and  shonld  be 
lalEcient  to  eapply  the  eastern  slope  of  the  canal  as  far  as  Cumberland,  in  order  to 
gaaii  against  a  fiiilnre  in  tho  additional  supplies  arranged  for  along  this  slope;  and 
■Iw  to  supply  the  weatem  slope  as  far  as  the  lirst  fueder  below  Meyersdale. 

WATEK-8CPPLY. 

In  detennininK  the  amouDt  of  water  needed  for  the  use  of  the  caoal,  I  have  been 

^ided  by  the  table  of  oonsumptiou  of  water  deduced  from  the  latest  French  practice, 
UBtated  by  GraefT,  which  you  sent  me  for  use.  This  table  shown  that  the  mazimum 
losses,  by  evapuration,  absorption,  filtration,  leakage,  false  maoeuvere,  and  other  iuoi- 
dtntat  cansee  on  a  canal  built  in  the  ordinary  manner,  of  48j  feet  width  at  water-line, 
33  feet  width  at  the  bottom,  and  5±  feet  depth  of  water,  may  be  pot,  after  tbe  oanal 
bis  been  iu  use  for  a  few  months,  at  from|4  to  6  cubic  feet  per  running  foot  in  tweuty- 
Ibnr  bonis.  To  be  safe  in  our  estimates,  we  will  take  the  larger  amount  given  iu  tbe 
table,  and  put  these  losses  at  6  cubic  fuel  per  running  foot  in  twenty-four  hours.  To 
ipply  this  experience  to  the  canal  under  consideration,  which  ia  conaiderably  wider 
and  deeper  tban  that  given  iu  the  table,  we  will  first  endeavor  to  separate  the  losses 
bf  eTaporation  from  the  other  losses  enumerated  above,  and,  after  estimating  what 
'oold  be  tbe  increase  dne  to  the  evaporation  on  our  wider  oanal,  then  determine  what 
voold  be  tbe  leases  due  to  the  other  causes  by  reason  of  the  increased  cross-section. 
Grrseff  does  not  give  an  estimate  of  the  loss  chargeable  directly  to  evaporation,  but 
ftoin  his  remarks  ne  apparently  considers  it  about  one-qnorter  of  au  inch  in  depth  in 
twsnlj-fonr  hours.  He  does,  however,  statu  that  the  losses  due  to  all  the  above-men- 
tioned canses  on  concreted  sections  of  canal  vary  from  0.24  to  0.38  of  an  iacb  in  twenty- 
four  hours,  (wd  presumes  that  this  loss  is  mainly  due  to  evaporation.  Now,  evapo- 
tatiOD  is  very  uniform  in  its  action  in  an  open  and  cultivated  coantry,  bnt  the  other 
csiiBes  of  loss  vary  with  the  construction  of  the  canal  and  tbe  nature  of  the  soil  through 
nhich  it  passes.  It  is  evident  that  a  canal  which  is  mostly  iu  embankment  will  lose 
iBorE  than  one  which  is  mostly  in  excavation.  We  therefore  feel  warranted  iu  assum- 
infl  tbe  smaller  estimate,  0.24  of  an  inch,  as  the  measure  of  loss  due  to  evaporation. 

Ai  this  figure  agrees  very  well  with  estimates  derived  from  other  sources,  it  has  been 
adopted,  and,  for  convenience  in  oomputation,  baa  been  taken  at  035  or  one-fourth  of 

Tbis  makee  the  evaporation  on  the  Marne-Rhiue  Canal,  which  is  the  one  described 
by  Gne&\  1  cnbio  foot  per  running  foot  in  twenty-fonr  hoars,  leaving  5  cubic  feet  pet 
nrnning  foot  in  twenty-ronr  hours  chargeable  to  the  other  losses,  which  loaaea  may  be 
eoneidered  as  mainly  dependent  on  the  wetted  perimeter. 

Tbe  water-width  of  our  canal  is  1.44  times  that  of  the  Mame-Rbine  Canal,  and  tbere- 
ion  the  evaporation  will  be  1.44  cubic  feet  per  running  foot  in  twenty-foor  hoars. 
lbs  ume  proportion  holds  between  the  wetted  perimeters  of  the  two  canals ;  and,  neg- 
lectini;  the  difference  in  depth,  the  losses  due  to  othercauees  should  therefore  be  put  at 
'■SO  cubic  feet  per  runniDg  foot  in  the  same  time.  But  as  the  pressures  on  a  sqoare 
foot  of  bottom  in  two  canals  of  different  depths  vary  aa  those  depths,  and  as  the  same 
law  balds  on  tbe  side  slopes,  it  seems  proper  to  estimate  that  au  increase  in  pTMsare 
■ill  csnse  an  increase  iu  losses  by  filtration  and  leakage  at  mechanical  atructores.  The 
^thtof  thetwooonalsare  oi  and  7  feet,  and,  the  latter  bBlDg27  per  oeat.  the  greater, 
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ve  Hhoald  odd  37  per  oent  to  the  Bgnna  inst  obtained.  This  will  g^va  db  9.14jMibie 
feet  per  rnDniarfootintweiity-fburfioiin  forsll  toMea  except  those  dne  to  eTapontion, 
and  BddinK  the  latter  we  will  have  10.5ti  onbio  feet  for  loeses  of  all  kinda. 

GraeflgiveBmany  other  BouroeB  of  loss  which  mu8tbecoDsidoreda«afectin|{thBlon- 

aitDdiiial  lilopes  of  a  canal,  sacb  an  difference  in  aizeof  locks,  (  "  '  '  -  ' 
lort  levels,  and  incidental  loases  dne  to  general  navigatioa. 
arise  from  the  anrfacea  being  diatnrbed  so  aa  tocauee  water  toeseapeover  me  Traate- 
wiera  and  other  low  places  on  the  banks  when  nnnHoall;  large  waves  are  maide  b; 
pausing  boats,  or  the;  ma^  be  due  to  an  eiceaa  of  water  poured  into  a  level  from  the 
one.abuve  when  the  latter  is  emptied  for  repaire.  This  excess  woald  escape  over  the 
waate-wiers  and  lock-gatea. 

A  partial  remedy  for  these  losaea  wonld  be  provided  by  placing  the  topa  of  tbewaste- 
wiere  and  the  top  of  the  lock-gates  abont  six  inchea  higher  than  tho  normal  anrface  of 
tbe  water  in  the  canal,  for  the  purpoae  of  retaining  a  portion  of  the  enrplns  water  that 
muat  occasionally  be  thrown  into  a  level.  Tbe  quvitity  that  could  be  aaved  in  onr 
oanal  in  tbia  way  wonld  amonnt  to  IH4,800  cubic  feet  on  a  level  one  mile  long.  Con- 
aiderable  lossea  from  oacillations  of  the  water-anrfaoe,  doe  to  other  cauaee.  would  be 
materially  leeaeued  by  this  plan  of  oonatmctioD.  To  cover  these  losses,  which  do  not 
admit  of  aocarat«  determination,  we  will  add  ten  per  cent,  to  tbe  fiearee  previously 
found,  mid  we  thus  obtain  for  loases  of  all  kinds  on  tbe  longitndinal  alopee  (except 
those  due  to  movementaof  boats  that  do  not  pass  the  snmmit- lev  el)  11.64  cnbio  feet 
per  TUDuing  footin  twenty-funrbours.  This  ia  equivalent  to  40.68  cubic  feet  per  mile 
per  tuinntv,  and,  neglecting  fractions,  we  will  finally  assume  for  the  losaee  mentioned 
above  43  cubic  feet  per  mile  per  minute.  These  figures  Tepreaent  the  rate  of  loss  on 
an;  lougitudinal  slope  of  canal,  without  re^rd  to  the  number  of  boats  that  may  paae 
over  it,  provided  they  all  enter  or  traverse  the  summit-level,  and  tbia  loss  must  be 
replenisbed  by  water  drawn  from  tbe  anmmit-level  and  from  the  auxiliary  feedara. 
The  section  from  tbe  summit  to  the  fiist  feeder  is  of  course  entirely  dependent  on  tbe 
summit- level  for  its  aopply. 

We  will  conaider  tbe  aummit-level  of  our  canal  to  be  6  miles  long,  which  is  very 
little  in  esceea  of  tbe  true  length.  Qraeff'a  formula  for  the  consumptioa  of  water  oa 
the  sum  ni  it-lev  el  a  uf  canals  built  in  the  nsa^  way  is,   ■■'  —  +   (&om  5  to  11,)  and  for 

concreted  aiimmit-levela   !ii_?  ^  %    Both  of  these  formulae  give  the  oonaumption 

per  running  foot  in  twenty-four  hours.  L  repreaeata  the  length  of  the  level  in  feet,  e 
tbe  prism  of  lift  in  cubic  feet,  and  n  tbe  maximum  number  of  boats  paaaing  in  one  day. 
It  will  readily  be  seen  that  these  formnlaa  are  based  on  tbe  expenditure  or  two  iockfula 
'ger  coDBumiitioo  than  is  estimated  in  A 
it  water  for  lockage  could  only  take  plao 

_  ,.  g  tbe  sum  mi  He  vel  are  going  iu  theaame  direciiou, 

which,  to  say  the  least,  is  highly  improbable.  If  they  should  alternate  regularly  at 
the  locks,  but  one  lockfiil  of  water  would  be  expended  by  each  boat.  The  practice  in 
the  United  States  in  to  allow  one  and  a  half  Iockfula  of  water  for  each  boat  that  passes 
the  summit  level,  and  experience  aeema  to  abow  that  this  allowance  is  ample.  This 
amonnt  was  also  the  baaia  of  tbe  original  estimate,  mode  for  the  same  summit-level 
that  we  are  now  diacoBsing,  by  the  Board  of  IntermJImprovementa  in  1826.  We  will, 
therefore,  accept  it  as  the  basis  of  our  calculationa,  and  asaume  one  hundred  as  tbe 
maximum  number  of  boata  that  will  pass  the  summit-level  iu  one  day.  At  Che  eastern 
end  of  tbe  summit- level  ia  an  inclined  plane  64  feet  high.  Forreaaona  given  iu  fiill  on 
pages  5  and  !)  of  my  report  on  "  inclined  planes,"  (printed  as  Ex.  Doc.  No.  275,  H.  of  R., 
43d  Congress,  Ist  session,)  the  expenditure  of  water  at  this  plane  will  about  eqnal  that 
at  an  8-foot  look.  At  tbe  western  end  of  tbe  aoraniit-level  ia  a  6-foot  lock.  The 
latter  will,  therefore,  require  leas  water  than  the  plane  at  the  eastern  end,  but,  for  con- 
venience in  calculation,  we  will  asaume  an  average  lock  of  7  feet  lift  at  each  end  of  the 
summit-level ;  we  will  also  cbanga  the  2  n  of  Orautl'a  formula  to  1^  n. 

A  7-foot  lock  consumea  16,800  cubic  feet  at  n  lockage.  One  hundred  and  fifty  lock- 
a^  during  twenty-four  hours  will  conaumB  2,520,000  cubic  feet,  which,  for  a  level  6 
milea  long,  is  at  the  rate  of  79..'i  cubic  feet  per  running  foot  in  twenty-four  hours.  If 
to  this  we  add  8  cubic  feet  aa  the  average  of  the  loaaes  by  evaporation,  leakage,  filtra- 
tion, &c,,  (expressed  in  the  formula  as  "from  5  to  11,"  we  have  for  tbe  total  loas'on 
the  summit-level  87.5  cubic  feet  per  running  foot  in  twenty-four  hours,  which  ia  3,773,44G 
cubic  feet  for  the  entire  anmrnit-lavel. 

We  will  DOW  determine  tbe  additional  quantity  of  water  which  must  be  furnished 
bv  the  summit-level  iu  order  to  make  good  the  losaea  on  those  portions  of  tbe  adjaceat 
slopes  which  depend  on  it  for  thoir  supply.  Owing  to  the  small  ouautity  of  water 
that  can  be  gathered  on  tbe  eastern  slope,  tbe  wbole  of  this  slope  aa  tar  as  Cumberland 
will  lie  conaidered  aa  dependent  on  the  summit-level.  Of  the  weateru  slope  a  diatance 
of  4,eW  feet  is  aimilarly  situated. 

The  eaat«ni  slope  is  2&B4  milee  in  length,  from  which  we  will  deduct  3  miles  for  the 
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ugregate  len^  of  the  places,  leaTiDK  36.B4  mJIeB  on  which  to  oolcolate  losses.  Using 
t5e  lo8s  per  mile  per  minute  previoiul.v  determined  for  slopes,  (4J  oabic  feet,)  we  obtain 
for  tbe  daily  loss  per  mile  <i0,4d0  onbio  feet.,  and  for  the  dail;  loss  on  tlie  eastern  slope 
1,623,380  cubic  feet.  A  siuiilar  calonlation  shows  that  the  daily  loss  on  that,  portion  of 
the  wNtem  slope  which  is  dependent  on  the  sn  mm  it-level,  and  which  we  will  call  in 
roond  nnmt>ers  one  mile,  is  60,480  cnbic  feet.  Snmmini;  np  the  losses  thns  obtained 
foTlbeaommit-leve]  and  its  dependent  slopce,  we  obtain  as  theK''and  total  to  be  sap- 

Cd  in  one  dav  from  the  sunimit-reeervoirs  4,45T,!iO0  cnbic  feet,  equal  to  51.6  cnbio 
per  second, 

Tbe  nason  Just  passed  was  not  favoTahle  for  det«rmiiiing  the  minimnm  flow  of  the 
Cistleman  River  at  the  place  where  the  feedinf^-reeervoir,  heretofore  mentioned,  would 
be  coDBlmcted,  and  referenoe  must  be  made  to  the  Kanuinga  of  that  stream  mada 
~  ''''^.    (See  Annual  K«  port  of  the  Chief  of  Engineers  for  1874,  Parti,  page  537.) 

f.     ....   _.!._..  ^L  .  n.^^  jjj  Caatleman  wr  "     — '"  -'    -  — *-'-  ' * 

.  . ., ^ _.mth  of  Julj;  we  « 

Jnlj  12,  to  represent  the  minimnm  duily  flow  for  at ^  _,  __ . 

July,  Aogust,  and  September,  these  months  iHiinj;  considered  the  dryent  of  the  year. 

Tbe  snmmiC-reser  voir  will  be  one-half  mile  above  tbe  mouth  of  the  Klaugherty  Creek; 
and  at  the  full  flow  of  Flaughertf  Creek  can  be  turned  diructly  into  the  summit-leTel 
of  the  canal  in  the  manner  that  will  be  described  under  the  head  of  '*  estimates,"  we  can 
Manme  that  the  supply  at  the  month  of  Flaugberty  will  be  46  cnbic  feet  per  second. 
Thiji  will  leave  a  deficiency  of  5.S  cubic  feet  per  second  to  be  provided  by  means  of 
roservcdra. 

Tbe  loss  by  evaporation  on  tbe  reservoir  becomes  now  of  very  oODsiderable  importance, 
u  Ihit  loas  most  also  be  provided  for  in  estimating  the  contents  of  the  reservoir.  We 
have  previonaly  determined  the  loss  from  evaporation  to  be  equal  to  one-fourth  of 
an  inch  of  the  depth  of  the  surface  in  twenty-four  hours.  We  may  presume  that 
iMsn  from  olhei  causes  will  be  small,  but,  to  provide  for  them,  we  will  add  one-eifEbth 
eF  an  iuch,  or  half  that  found  for  evaporation.  The  Pleucber  reservoir  Burveyed  for 
the  canal  project  of  1835,  (Report  of  Chief  of  Engineers,  1874,  Part  I,  page  530,}  was 
(Stimsted  to  have  a  capacity  of4,e79,D29  cubic  yaMs,  and  its  surface  area  was  1,040,600 
•qure  yards. 

We  will  assume  that  the  reservoir  proposed  near  the  western  end  of  the  summit- 
level  will  be  equal  in  capacity  to  the  Pleucher  reservoir  and  have  an  equal  surface, 
Udtbat  both  reeervoira  are  bnilt,  Tbe  loss  by  evaporation  on  these  two  reservoirs 
voold  be  585,337  cnbic  feet  per  day,  or  5H,533,700  cubic  feet  in  ooe  hundred  days. 
The  qaantity  to  be  stored  to  supply  the  dehciency  as  found  above  (5.6  cubic  feet  per 
wcond)  is  48,384,000  cubic  feet,  and  the  sum  of  these  two  quantities  is  106,917,700 
cubic  feet.  The  two  reservoirs  would  have  a  capacity  of  258,667,000  cnbio  feet,  which 
itnjore  than  double  the  amount  that  would  be  required. 

The  local  necessities  of  the  ooal-trade  for  tbe  George's  Creek  coal-basin  indicate 
lliatinall  probability  the  extension  of  tbe  Cbeeapeake  and  Ohio  Canal  would  give 
rite  tu  a  very  considerable  traffic  between  Cumberland  and  the  mouth  of  Jennings's 
Edu,  which  would  be  the  point  on  the  canal  nearest  to  tbe  coal-mines.  Tbe  distance 
b;  canal  from  Cumberland  is  abont  4  miles ;  the  ordinary  losses  on  this  section  of 
the  caoal  are  included  in  the  previous  estimates,  but  auch  a  local  navigation  as  that 
iiggvsted  would  add  largely  to  the  oonsumption  of  water  for  lockage.  The  present 
iTDoDut  of  the  coal-trade  at  Cumberland  suffices  to  send  out  an  average  of  trom  forty 
to  fift;  loaded  boats  per  day,  and  receives  about  the  same  number  of  empty  ones,  thus 
reqalriog  from  eighty  to  one  hundred  lockages  in  twenty-four  hours.  Assuming  that 
oue-halfof  this  business  wonld  be  transferred  up  to  Jennings's  Run,  such  a  change  would 
increase  tbe  daily  consumptioo  of  water  on  this  section  by  about  fifty  lockages,  and 
thie  would  have  to  be  made  good  from  the  summit-level  or  Iroin  intermediate  feedem. 
It  amounts  to  960,000  cubic  feet  per  day,  and  is  an  averge  of  11.11  cnbio  feet  per 
uwod.    This  additional  consumption  could  be  provided  fur  by  a  reservoir  on  Jea- 

The  tnessure  of  loss  found  for  the  usual  causes,  which  was  determined  to  be  42 
cnbic  feet  per  mile  pet  minute,  gives  60,480  cubic  feet  per  mile  in  twenty-four  hours, 
and  if  elEcient  feeding-supplies  were  provided  at  intervals  of  ten  miles,  a  oouBtant 
Aov  of  7  cubio  feet  per  second  wonld  supply  the  loss — and  for  shorter  distances  in 
proportion. 

"Hit  interval  between  the  first  and  second  places  of  receiving  feed-water  on  the 
Ktstera  elope  is  4.4  miles,  and  IL  feet  is  the  greatest  lift  of  lock  on  this  section.  Aa- 
■tuiing  that  one  hundred  boats  would  pass  this  lock  in  one  day,  the  bzdbss  of  cod- 
nnptioQ  of  water  in  lockage  over  that  of  the  6-foot  lift-lock  at  tbe  west  end  of  the 
m  DUD  it-level  is  I,tMO,000  cubic  feet  per  day,  and  the  ordinary  losses  would  be  for  4.4 
QiIm,  266,113  cubic  feet,  their  sum  being  1,466,118  cubic  feet,  which  is  equivalent  to 
aloMof  17  cubic  feet  per  second.  The  second  interval  is  7.4  miles,  and  the  greatest  lift 
of  lock  thereon  is  12  feet,  requiring,  on  the  same  reaaoninB  as  bMbi«,  H  onbio  feet  p«t 
•Moud  to  supply  itsktsses.    The  next  intervalextendsadiBtuuwaflD.Smiles.toShoo* 
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Fl7  TuDuel,  (Plttobargb  aod  Canaellsville  BailroadO  Tbe  Kresteat  lift  of  look  tm  this 
section  ii  16  feet,  and  tbls  will  necpssitate  a  supply  of  19  oabic  fiset  per  Mcoad  in 
order  to  provide  fur  loHstis  and  for  tbe  difference  in  lift  of  lock  over  the  lift  used  oa  the 
preceding  wet  ion.  Beyond  Ihia  point  there  are  no  looks  of  greater  lift  than  16  fe«t, 
and  coDseqnentl.T  thvre  will  be  do  greater  deiimud  for  water  tban  on  the  aeotioa  laat 
named.  Below  Shoo-FIy  Tunue!  tbe  canal  is  fed  at  tbe  following  places :  12  Diilea 
below  tbe  tunntl  and  nearly  3  uiilee  below  ConUuenoe,  R  miles  farther  on  at  Ohio  Pyle 
FhIIh,  Hud  di  niitee  farther  on  at  Indian  Creek,  Tbe  len^b  of  canal  supplied  by  the 
Uat-nauied  ferder  is  six  miles,  being  the  diutance  between  Indian  Creek  Euid  Connella- 
ville,  wbere  tbe  canal  snrve;  endeC  Jf  a  considerable  local  aavi^tioD  shonld  spring 
tip  at  Cunflnence,  or  at  any  other  point  on  the  weetem  slope,  it  would  bave  to  be 
accommodated  in  tbe  same  wa;  as  the  local  navif^tion  at  JeODiiigi'B  Run. 

From  the  statement  aboi-e  given  there  »eerae  no  rea*on  to  anticipate  that  reservoirs 
will  have  to  be  built  anywhere  on  the  western  slope  below  Moyertdftla;  For  further 
information  on  the  water-supply  of  thja  slope,  reference  is  made  to  Report  of  Cbief  of 
Engiueem  for  1BT4,  Part  1,  page  Ml.  On, tbe  trastem  ido)ie  a  reservoir  will  probably 
be  needed  at  JenningR'a  Run,  in  order  to  Hnpplf  the  anticipated  local  navigation  at 
that  place.  Should  there  be  any  fear  that  the  canal  supply  will  not  hold  out,  reaer- 
Toirsmay  subsequently  be  hnili  on  Will's  Creek,  near  iw  head, on  Littls  Will's  Creek, 
and  at  various  points  mentioned  in  tbe  report  of  the  Board  of  Internal  ImpruvementB. 
There  BeeniB,  therefore,  to  bs  no  reason  to  dread  an  iusufficieney  of  water  for  the  ezten- 
eioa  of  tbe  Cbesapeake  and  Ohio  Canal,  provided  the  streams  continue  to  yield  the 
samB  amount  of  water  as  in  lSt&.  Tbe  time  and  funds  thus  far  appropriated  nere  all 
eipended  on  the  snrvey  ptoper,  and  the  question  of  wat«r-BDppl;  fias  of  necessity 
been  discussed  front  the  old  data.  Whether  tbe  change  in  tbe  face  of  tbe  Rountry 
aince  lUSb  has  decreased  the  amount  of  water  in  the  streams  oan  only  be  ascort&ined 
by  a  careful  series  of  observations  made  durina  a  drj  season. 

It  sbould  be  borne  in  mind  that  there  will,  in  all  probability,  be  no  scarcity  of  water 
except  in  mid-snmmer  and  the  early  part  of  autumn,  and  that  tbehe  provisions  and 
compatalions  only  apply  to  that  porliou  of  the  year. 


For  a  discusHion  of  the  amount  of  water  that  can  probably  t>e  stored  from  the  rais' 
tbe  bead  waters  of  the  CsBtlrman,  I  would  respectfully  refer  to  the  followiniF 
fyommy  report  of  January  30,  ldT4,     (Re|Hirtof  Chief  of  Engineers,  1BT4,  Part 


I,  page  51     , 

"If  we  consider  tbe  suiomit-supply  as  dependent  on  the  average  rain-fall  and  the 
cstchment-basiiis,  we  find  that  the  talcbment-busiu  of  tbe  Pleitcher  reservoir  is  'very 
nearly  13  miles  lonfr  and  &  miles  wide,  and  has  an  areaof  60  sqnare  miles.  Tbe  average 
annnal  rain-rail  at  I'iUbbnrgb,  Pa.,  was  34.96  inches,  for  eiabteen  years;  at  Marietta, 
Ohio,  ilM  ircbe8,foiiweuty-eigbi  years;  atPortsuiontb,  Ohio,  3».'20  inches,  for  fifteen 
jeara ;  at  Carlisle,  Pa.,  34  iucbea,  for  sii  years ;  and  at  Gettysburgb,  Pa.,  3SJ10  incbee, 
for  peven  years.  If  we  take  an  averaRe  of  thtse  as  represenliug  tbe  annual  raiii~fall 
for  tbe  region  under  consideration,  we  get  3ti  inches  per  annum.  Applying  this  to  the 
catcbmeut-area  (tiven,  and  assuming  that  but  one-third  of  the  quantity  is  canj^ht  by 
the  rcscTToir,  we  have  an  annual  quantity  of  l,60t*,tl65,3U0  cubic  feet — enough  to  fill  tbe 
reservoir  thirteen  timis;  and  thuPineyRun  Reservoir  with  a  catchment-area  of  13 
aqnare  miles  would  also  be  filled  thirteen  times;  the  total  annual  supply  by  rain~fall 
being  2,03H,TfiB,K6l)  cubic  fret,  which  gives  an  adequate  supply  for  the  use  of  the  oanal 
during  a  period  of  twenty-five  months,  with  allowances  for  evaporation  of  reaervoira 
and  lose  iu  feeding. 

"  Again,  if  we  take  an  average  of  the  gangings  in  March  and  June  as  represent ini; 
tbe  available  rain-fall  that  willl>e  caught  by  the  Plencher  reservoir,  we  got  l,t)39, 088,000 
cubic  feet  as  tbe  annual  supply,  whereas  the  consumption  for  the  ase  of  the  oanal 
would  be  for  ten  months,  7H),()UU.000  cubic  feet,  or  only  about  43  per  cent,  of  the  esti- 
mated supply.  This  estimate  of  consumption  is  twice  aa  great  as  that  assumed  by  the 
Board  of  Internal  Improvements." 

Iu  relation  to  the  system  of  inclined  planes  to  be  nted  on  the  eastern  slope,  the  in- 
tention was  to  use  double-track  planes,  and  to  carry  tbe  boats  in  caissons  filled  ^n'-itli 
water  on  carriages  so  made  ss  to  keep  the  caissons  iu  a  horizontal  position.  The  boat 
would  be  taken  into  and  discharged  Irom  tbe  caisson  at  the  lower  end  of  the  plane,  in 
tbe  same  general  manner  as  from  the  boat- carriages,  as  described  iu  my  former  report 
ou  inclined  planes  ;  but  at  the  upper  end  of  tbe  plane  the  canal-level  would  be  teriai- 
Dated  by  a  masonry  chamber  with  one  pair  of  gates,  and  tbe  upper  end  of  the  caisaon 
would  iikewiee  be  provided  with  a  gate  or  door.  Tbe  caisson  with  the  boat  would  be 
drawn  up  into  tbe  nissoury  chamber,  and  acounection  as  nearly  water-tight  aa  practi- 
cable would  be  made  between  them  ;  the  caisson-gate  aud  the  lock-gate  would  then  be 
opened,  and  the  caisson  would  then  becotue,  to  all  iuteots  aud  purposes,  a  continuation 
of  tbe  npper  level  of  the  canal,  aud  tbe  boat  would  at  once  pass  in  to  the  canal  proper  ■ 
bouts  would  be  taken  into  the  caisson  and  down  (be  plane  by  thereverseoperatiou.  ]f 
these  caissons  are  kept  filed  with  water,  they  will  always  balance  eaoh  other,  and  only 
a  email  force  will  be  required  to  start  them  aud  keep  tbem  in  motion.    If  the  asc«i]dine 
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bMt  Hboold  bappeo  to  be  empty,  do  more  irater  need  be  carried  np  than  would  ba 
reqaired  to  float  it,  and  a  prepooderance  would  Ihus  be  given  tu  the  deaceading  oaisaon, 
which  wonJd  eaffice  to  operate  the  plane  without  the  uae  of  the  boiatiDK-machiaery. 
If  icatei-tif[bt  boxes  be  attached  to  the  caissona,  and  the  one  on  the  descending  caissoo 
be  filled  with  water,  while  that  on  the  asceuding  one  is  left  empty,  a  sioiilar  prepon- 
deiuse  wonld  be  eitablished,  and  the  desoending  uubboq  wonld  draw  np  the  asoeod- 

Then  teems  to  be  no  doubt  tbut  a  canal  operated  entirely  by  douLle-track  inclined 
pUuea,  on  wlncb  the  boats  are  water-burue,  conld  be  worked  with  a  much  leu  supply 
of  witer  than  an  equivalent  length  of  canal  with  locks. 

OniDf;  to  ill-healtb.  pressing  duties  in  attending  to  the  Geld-Burveya,  and  the  desire 
to  complete  this  report  at  an  early  date,  so  that  it  might  be  presented  at  the  begioDing 
of  this  KBsion  of  Cougreas,  T  have  not  beeu  able  to  work  ont,  to  a  satisfactory  result, 
tbe  detailed  construction  of  the  caiason  plan  for  plauee. 

The  masonry  chambera  al  the  npper  ends  of  the  plane  have  been  sketched  on  the 
progles  of  the  planes,  which  are  shown  without  distortion'  on  tbe  profile  sheets,  bnt 
their  costs  have  not  been  estimated  for.  On  the  contrary,  donble-track  planes,  with 
the  ordinary  open  cairiage,  have  been  eatiuiated  for,  as  stated  ander  the  bead  of  "  esti- 

1  porpoae  working  np  tbe  caisson  plan,  to  detonnine  how  far  it  may  be  practicable, 
soil  lU  value  as  a  substitnto  for  locks.  J  will  be  pleased  to  transmit  at  some  future 
time  tor  condneiona,  as  a  part  of  the  record  of  the  survey  and  of  the  study  for  this 
ttaas-Allagheuy  Water- line. 

WnX'S  CREEK  ftOUTB — ESTIMATE  OV  COST. 

In  estimating  the  quantities  and  cost  of  tbe  work,  care  haa  been  taken  to  make  them 
in  ciceea  rather  than  to  atudy  the  making  of  minimum  quautitiea,  and  in  all  oasea  a 
Gnl-clui  character  of  work  and  conatruction  haa  been  cousidered. 

So  great  a  proportion  of  the  Hue  aurvey ed  being  on  the  slopes  of  the  hills  eomlDf 
down  to*the  river,  There  ia  always  au  excess  of  excavation  over  the  embankmont  at 
auf  particular  locality,  or  auch  eiceas  can  be  provided  by  a  sliKht  cban);e  of  the  center 
line,  b)'  laying  it  higher  on  the  aide-hill  alopea,  so  that  the  embankment  that  may  be 
Kqaired  at  any  apecial  place  ia  to  be  made  from  the  excavation  at  or  very  near  the 
•sine  place,  and  the  coat  of  aach  sections  ia  eatimated  in  excavation  only ;  aud  the  ex- 
csvuioD  being  so  generally  in  rock,  as  before  remarked,  (here  is  always  an  abundauoa 
of  Ibie  matonal  at  hand  for  laying  alope-walls.  and  for  protection  on  embankment- 
Blopea,  There  liable  to  be  washed  by  the  river-floods ;  and  to  such  on  extont  do  these 
conditinDB  obtain,  that  thoroughly  built  masonry  retaining- walls  may  not  often  be 
rtijBired. 

There  will  be  considerable  difficulty  in  procuring  enough  clay  or  shale  or  slate  aoila, 
or  eanb.  to  render  tbe  embankments  water-tight,  especially  at  those  places  where  tha 
rock-excavation  is  in  eiceaa.  At  a  great  many  places,  however,  there  can  be  an  abun- 
dacce  of  clayey  earth  procured  from  the  flat  bottom-land  on  the  opposite  side  of  tha 
river  or  creek,  which  can  be  readily  carted  across  at  almost  any  time,  as  a  reasonably 
lev  Bts|^  of  water  generally  obtains  except  during  floods. 

The  division  embracing  the  eastern  slope  irom  Heyeradale  to  Cumberland  does  not 
come  dcder  t^e  general  character  just  described,  aa  on  nearly  the  eutire  leugtb  of  tba 
dirieion  a  sufficient  quantity  of  earth  is  to  be  bad  for  making  water-tight  embank- 

Tbe  grading  for  the  inclined  planes  ia  eatimated  for  a  width  of  50  feet,  making  pra- 
viniQu  for  a  double  track  either  for  the  carriages  deauribed  in  my  report  on  planes,  or 
for  the  caissons  alluded  to  ia  tbiH  report. 

Tbe  aqueducts,  of  which  there  are  seven  on  tbe  eastern  slope,  vary  in  lengtb  ^m  50 
It  lOU  feet.  There  are  six  ou  the  western  slope  varying  in  length  from  100  feet  to  430 
feet,  these  lengths  being  est  i  mated  between  the  faces  of  the  abutmenta.  The  aqueduct* 
are  ileaigned  with  aeguiental  oircalar  arches,  of  spans  of  50, 60,  and  70  feet,  and  versed 
tints  varying  from  one-sixth  to  one-fourth  the  span,  with  piera  of  C  and  8  feet  thlck- 
DMs  and  of  12  to  14  feet  height.  Plana  and  drawinga  of  some  of  these  etractures  aie 
ttaQKinitted  herewith  oa  types. 

The  protlle-sheets  show  croes-sectious  of  the  line  of  the  canal  at  freqneiit  intervals, 
illnsiiating  the  general  cbaracter  of  the  exoavation  and  embankment  for  forming  the 

Tbe  most  important  feature  of  the  route  ia  the  snmmit-tonnel  which  is  located  near 
Mtjetsdale,  Pa.,  on  tbe  same  line  and  between  the  same  points  recommonded  by  tha 
Beard  of  Intenial  Improvements  filly  year*  ago.  Tbe  more  carefnl  snrveysof  the  past 
jeai  show  it  to  be  three  and  tbree-qnarters  miles  In  length,  with  an  eastern  approach 
en  3,300  feet  long,  and  a  western  one  7,100  feet  (one  and  one-tbird  miles)  in  length. 
Tbs  gnatsst  height  of  tbe  eammit  above  tbe  grade-line  of  tbe  tnnnel  is  Wi  feet. 

Tbe  section  ot  tbe  tannel  when  completed  will  be  46  feet  in  width,  with  sides  neat]/ 
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TerticAl  tokbelgbtof  10feet,cDTerednit1i  an  elliptical  arcb  of  46  feetspon  ftnd  18  feet 
rise.  (SMiectionoDpraflle-aheetNo.  1.)  Tbearcb-liningistobeofbricki^SinabeBtMclE, 
and  tbe  eide  walls  of  stone  or  brick,  bh  may  be  found  nioBt  oonveDient  anil  economical. 
Tbis  tuDnel  beiug  in  tbe  lower  coal-mcasarea,  which  are  not  horizootal,  will  pieroe  the 
TariouB  strata  of  Baoditone,  shale,  slate,  coal,  and  liiueatone,  and  the  probability  ia  that 
it  will  have  to  be  lined  throughout  to  render  it  wat«r-tigbir;  for  tbia  reason,  a  bottom 
lining  of  concrete  is  eatimated  for.  The  vertical  sides  and  elliptic  form  of  ttie  arch 
irill  allow  poBBlng  boats  the  greatest  room  and  close  approach  to  the  sides  of  the  tun- 
nel, while  tbe  clear  beadway  of  31  feet  above  the  nater-enrface  is  as  little  aa  can  -well 
be  allowed  for  ventilation,  and  U>  get  a  strength  of  arch  overhead,  the  radios  of  the 
crown  being  quite  nearly  28  feet.     (See  profile-sheet  No.  1.) 

Tbe  BQiface-profile  of  the  tunnel-line  shows  two  depressions  snitable  for  workiDg 
«bs(t«  foreioavstlng  the  tunnel,  and  these  will  divide  tbe  tannel  into  thme  aectionSr 
ttie  wMtera  section  being  8,;WH  feet  long,  and  tbe  middle  one  6,000  feet  lunf;,  and  the 
east«rD  one  5,493  feet  long.  The  western  Bhaft  will  be  700  fe  t  deep,  and  the  eastern 
one  576  feet  deep.  The  tunnel  can  be  eomplel«d  in  six  and  one-half  years  from  these 
two  shaftB ;  that  is  to  say,  two  years  will  Ira  occnpied  in  taking  out  tbe  npproacheB  and. 
sinking  tbe  shaftH,  and  fonr  and  one-half  yoars  In  eicavaling  and  lit  ing  the  tiiDnel^ 
dependent  on  the  greater  length  of  tbe  westerii  section  of  the  tunnel.  Tbis  allowance 
ot  time  is  based  on  an  estimated  progress  of  3  feet  per  da;  Bleach  working-face.  I  have 
DO  doubt  that  a  daily  progress  of  4  feet  is  ([nite  possible,  but  the  loosu  cbaracter  ot  tbe 
material  and  tbe  necessity  for  shoring  the  roof  and  sides  may  make  it  less.  TU»  Nes- 
qaehuning  tunnel  iu  FeDUsylvanla,  in  the  same  general  obaracter  of  rock,  proitressed 
in  heading  100  feet  per  month  in  conglomerate  rock,  and  160  feet  per  month  iu  red 
ehalee,  while  the  widening  averaged  a  daily  progress  of  160  feet ;  or  mure  thao  5  feet 
per  day  of  general  average. 

I  have  analyzed  tbe  prices  and  cost  of  tbe  tnnnel-work  in  detail  in  regard  lo  f  xcava- 
tion  or  mining  tbe  rock,  drawing  it  to  tbe  sbatl,  raising  it,  drawing  it  to  deposit  in 
banks,  pumpiue  of  water  with  a  60  horse-power  engine  worked  to  its  foil  capacity, 
ftnd  blowiug  of  air  to  the  working-iiicea  in  the  tunnel.  The  prices  given  cover  all 
these  considerations,  with  an  addition  of  10  per  crnt.  profit  to  the  contractor.  OwinK 
to  the  great  width  of  the  tunnel  and  its  oonsequent  cost  per  linear  foot,  the  open  ap- 
proach cut  can  be  continued  nntil  it  reacbee  a  depth  of  about  73  feet  before  eijualmg 
the  tunnel  in  cost  per  linear  foot;  and  this  may  account  fur  the  lesser  length  of  tuauel 
as  conii  ared  with  the  length  of  Innnel  recommended  iu  ISSS  by  tbe  Board  of  iDterual 
Improvement,  notwithstanding  the  fact  that  tbe  present  tunnel  has  been  put  '2S  feet 
lower  than  the  fomier.  It  is  assnmed  that  the  tunnel  wilt  be  operated  by  steani-tuga, 
or  by  endless  chains  or  ropes,  kept  in  motion  by  fixed  maohinery  ;  either  of  these 
methods  will  obviate  the  necessity  of  providirj;  towing-paths  in  the  tunnel,  which 
would  be  expensive  stmctares  in  tbemsBlvea,  and  in  addilijn  would  increase  the  width 
of  the  tunnel,  and  consequently  the  span  of  the  covering  arch.  This  would  materially 
weaken  the  arcb,  aniess  accompanied  by  a  corresponding  increase  iu  height,  and  an 
increase  in  height  would  add  greatly  to  tbe  amount  of  excavation  to  be  made,  besides 
necessitating  an  increase  in  the  thickness  of  the  lining-arch. 

If  a  considerable  expense  were  incurred  in  the  construction  of  one  or  two  towiasr- 
paths  in  the  tunnel,  and  si'Ou  after  steam  navigation  sbould  l>e  established  nu  the 
canal,  then  tbe  cost  of  having  provided  the  towing-path  would  he  a  heavy  and  nnneces- 
•ary  item  of  capital  to  carry  in  yearly  interest.  In  my  report  of  1874,  I  estimated  the 
increased  cost  of  tunnel  for  one  towing-path  at  $500,000,  the  interest  on  which,  at  t!  per 
cent.,  woald  be  a  sum  more  than  sufBciant  to  operate  an  efflotent  number  of  togs  (say- 
Nx)  to  operate  the  tunnel  to  its  foil  capacity. 

The  approach  cuts  are  designed  to  have  a  tow-path  of  S  feet  width  on  each  side,  up 
to  the  portal  of  tbe  tunnel,  as  a  matter  of  utility,  and  to  enable  boats  to  he  delivered 
ftnd  taken  at  the  portals  of  the  tunnel,  if  it  should  le  operated  by  an  endless  chain  or 
wire  rope,  or  in  some  other  similar  manner.  These  towing-paths  wotild  also  act  aa 
berms  to  catch  any  debrU  that  might  be  dislodged  from  the  slopes  of  the  cnt,  for  whieh 
purpose  they  may  be  considered  indispensable. 

That  portion  of  tbe  approaches  to  the  tunnel  iu  which  the  canal-prism  is  in  earth- 
excavation,  is  designed  to  have  vertical  side-walls  of  stone  in  order  to  maiutair)  the 
width  of  45  feet  provided  in  rock-cute  and  to  support  the  towing-paths. 

TBB  SUMMIT-LEVEL,  BIX  HILBB  LONO. 

Wett  approaA. 

18,100  cubic  yards  earth-excavation,  at  30  cents - t^,  430  OO 

^000  oubic  yards  rock-excavation,  at  |1 5,000  OO 

4&4,S90  cubic  yards  earth-excavation,  at  30  cents 135,467  OO 

879,900  cubic  yards  rock-excavation,  at  81J» 349,875  OO 

86,000  cubic  yards  earth-excavation,  (new  obaonel  for  Flangberty  Creek,) 
fttSOeenta f-     5,0pft  oo 
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350  (nbicyar>8Bloi»-w«ll  in  west  basin,  »t  $1.50 |536  00 

150  cnbio  yards  cnlTen-muonry,at  |d 1,200  00 

VeOcnbio  yards  Bido-wall,  at  $1.50 7,140  00 

llockofsixfeet  lift  on  rook  fan adation 17,600  00 

Draiaage-Blnlceand  waate-wMr 8,800  00 

aureet-bridcBsinMayeradali) 4,600  00 

DuMgo  to  Meyer's  miil-raoe 250  00 

SJacnslBiid-damagBa,  attlOO 3,  WO  00 

Sum  of  items  of  cost,  weet  Approach 535,077  00 

TCKNKL  PROPBR,  19,800  rEUT— THREB  AKD  TIUBK-FODXTHS  KGLBS  LOKO. 

1J)66,!70  cubic  yards  excavation,  atH (4,365,080  00 

41,^  cubic  yards  concrete  bottom,  at  (6 347,500  00 

39.600  cubic  yards  side-wall  masonry,  at  $15 594,000  00 

mV)  cnliic  yards  brick-arch  maw>uiy,  at  $13.50 1, 135,  ISIi  00 

19j«0cnbic  jard8paokiuKbackofaroti,at$3 149,580  00 

9.440  cabic  yards  sbatt^xcavatioo,  al  |13.26 135,080  00 

VIOcnbio  yards  brick  lining  of  shafts,  at  113.50 47,6«  00 

i,400  cubic  yards  portal-maaoary,  at  113.50 30,000  00 

Sum  of  items 6,593,990  00 

If  the  cost  of  ezcavatiiiK  and  lining  the  shafta  be  taken  from  this  sam,  the  cost  of 
the  ttiDTicl  ia  almost  esaetl;  $6-03  per  cubic  yard ;  and  the  cost  of  the  shafts  is  very 
nearly  gld.31)  per  cubic  yard.    The  hniug  of  the  tannel  oost«  |^  per  cnbio  yard. 

BAST  APPROACH. 

113,190  cnbio  yards  earth-exoaTation,  atSOcenta $34,567  00 

32,440  cabic  yard«  rock-excavation,  at$l 32,480  DO 

Fina-bridge 1,500  00 

Changing  cooDty  road  at  portal  of  tnnnel 150  00 

DtaiDagH-slttice  and  waete-welr 3,800  00 

Plane,  64  feet  high,  east  end  snmmit-lHvel 51,530  00 

FiTe-eiitfas  of  a  mile  gmbbing  and  clearing,  at  $400 333  50 

SDKrwlaod-damage,  east  end  level,  at  |30 600  00 

30Mre»land-damagefor  deposit  of  apoil-banks,  at  $100 3, 000  00 

anm  of  items 136,950  50 

iSummorji  qf  esHmatei  for  nmamit-level. 

Wenapproaoh $535,077  00 

TnDnel  proper,  with  10  per  cent.  oontiDgeocies 7,253.389  00 

EMiapproach 126,950  50 

Beren  years'  engineering  snperintendence . .  42,000  00 

7,967,416  50 

The  western  approach  cnt  oroBses  the  present  bed  of  Flangherty  Creek,  and  also  tbo 
mill-race  that  anppties  Ueyer's  mill.  To  carry  the  oreek  across  the  oat  at  thia  place 
*onld  require  an  aquednct  of  100  feet  span,  at  a  height  of  46  feet  above  the  totriDg- 
psth  aorface,  and  conseqnently  the  cheaper  plan  ia  to  tnm  the  oreek  acroes  the  valley 
above  the  portal  of  the  tnnnel  by  a  dam  and  new  ohannel  as  estimated,  and  to  form 
the  pool  of  the  dam  so  as  to  oonnect  with  a  feeder  to  the  mill-race. 

The  gtade  of  the  canal  is  low  enongh  to  receive  the  water  from  the  tail-race  of 
Uejer'a  alU,  and  thns  the  mill-raoe  practically  feeds  the  canal  from  the  reservoir 
foraied  on  Flangherty  Creek. 

The  planes  are  estimated  for  donble  tracks  in  conformity  with  the  general  plan 
tbeieforHibmitled  in  my  supplemental  report  on  "Inclined  Planes, "  dated  March  30, 
1^4,  the  qnantitias  of  work  and  material  having  been  carefnily  determined  for  each 
plane-    (See  Keport  of  Chief  of  Engineers  for  1874,  Part  I,  page  550.} 

The  qaaatities  of  excavation,  masonry,  and  other  items  of  the  cost  of  the  oonstmo- 
tien  of  the  canal  have  been  grouped  into  characteristic  sections. 

ntOU  SDHMIT-LEVEL  TO   BOniHAHPTON,   SIOHT   MILES. 

From  the  plane  at  the  east  end  of  the  snmmit'level  to  the  place  next  below  Sonth- 
unpton,  a  distance  of  eight  miles,  the  line  lies  along  the  aide-hill  slopes  on  the  south 
«ide  of  tbe  v^ley  of  Will's  Creek,  following  closely  the  contonr-line  ooneapoDdlng  to 
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the  Krade  of  the  canal,  (tbe  excavation  aboat  eqaals  tbe  embuikineDt,)  <leBoeiidiDK  by 
planes  at  proper  aod  cod  v en ient  places  to  tbe  bed  of  tbe  valley.  (Bee  profile  and  map.) 
It  may  be  desi-ribed  ia  detail  ae  follows :  After  leaving  incline  No.  t,  the  lioe  croaseB 
tbe  month  of  Lanrel  Run,  aod  paaaeB  bIoqk  a  8t«ep,  rocky  clifi',  about  one  mile  above 
Olencoe,  at  au  eluvatiou  of  40  feet  above  tbe  Ki^de-liue  of  the  railroad.  Alon);  tbia 
oliff,  for  B  distance  of  500  feet,  the  width  of  the  caaal  is  contracted  to  45  feet,  and  tbe 
tow-palb  embaukiuent  is  formed  on  top  of  a  retain  ins- wall.  (See  profile  sheet  No.  2, 
section  at  station  563.)  Tbe  canal  descends  to  tbe  vaUey  by  a  plane  120  feet  high,  and 
in  a  short  distance  falls  into  the  bed  of  the  streain  by  d  plane  30  feet  bigb,  tbenoe  it 
Ilea  in  tbe  bed  of  tbe  stream  for  a  distance  of  2,000  feet  in  tbe  pool  of  tbe  dam  for  enp- 
plyiuK  water  to  tbe  saw-mill  at  Sontbampton,  and  then  lies  along  tbe  bill-slopes  for  a 
distance  of  nearlj;  two  miles,  oomine  down  to  the  vallef  by  a  plane  107  feet  higb.  The 
oanal  is  broagbt  into  tbe  creek  at  ^jnthampton  to  avoid  a  perpendicular  rock-cliff  on 
the  right-band  side  Jnst  above  the  saw-mill,  Che  canal  leaving  tbe  pool  Along  tbe  mill- 
race.  A  new  dam  is  estimated  for,  which  is  to  be  placed  about  500  feet  belon  tbe  pres- 
ent dam.  The  low  ground  of  each  bank  of  the  pool  is  to  be  exoavat«d  ao  as  to  make 
as  large  a  reservoir  as  possible,  the  eartb  to  be  uaeA  in  tbe  dam. 

The  flonring-mill  and  residenoe  at  tbe  upper  end  of  this  pool  and  tbe  saw -tnill  below 
would  be  destroyed.  A  gQard-look  is  provided  at  tbe  exit  fh>m  tbis  pool,  to  goard 
against  tbe  effect  of  floods  in  tbe  etreani.  Daring  the  ordinary  stage  of  tbe  stream 
tbis  lock  would  remain  constantly  open,  and  the  daily  flow  of  tbe  stream  wonld  be  led 
imto  tbe  catial  tbrouRb  tbe  lock ;  but  in  time  of  floods  the  lock  would  be  closed,  and 
bavea  lift  equal  to  the  height  of  the flood-sur&ce  above  theordinary  level  of  the  pool, 
vbile  tbe  surplus  water  would  flow  over  the  ctest  of  the  dam,  Tbis  would  be  tbe 
first  place  at  which  tbe  available  flow  of  Will's  Creek  would  be  fed  Into  tbe  canal. 
The  dam  wonld  be  built  on  a  rock  foundation.  (See  special  map  of  this  place,  ap- 
pendis-ehret  A.) 

Savage  Gun  is  crossed  by  this  level  by  an  aqnednct-arcb  of  53  feet  span  and  17  feet 
8  iacbes  rise.    (Bee  special  plan,  appendix-sheet  B,  and  plans  of  stmotnres,  sheet  No- 1. ) 

BBTDUTB. 

447,7!i0  cubic  yards  earth-excavation,  at  20  cents $89,550  00 

155,100  cubic  yards  rock,  (loose,)  at  50  c«ata 77,550  00 

155,810  cubic  yards  rock,  (solid.)  "t  81 155,210  00 

143,410  cubic  yards  embankment,  at  30  cents 43,023  00 

44,530  cubic  yards  support-wall,  at  86 267, 180  00 

Savage  Run  aquednct  on  rock  foandation : 

506  cubic  yards  arch-maaonrj,  at  $15 7,590  00 

I,94S  cubic  yards  pier  and  side-wall  maaonry,  at  (12.50.. 24,350  00 

4,753  cubic  yards  hacking  and  wing-masonry,  at  tlO 47,530  00 

Preparing  foundation.,  i 350  00 

547  cubic  yards  culvert-arch  masonry,  at  (18.50 6,837  50 

S3a  cubic  yords  culvert-masonry,  at  $6 6,576  00 

460  cubic  yards  paving  culverts,  at  $2.50 1,150  00 

Plane  No.  2, 60  feet  height 42,350  00 

Plane  No.  3, 100  feet  height 60.1«0  00 

Plane  Nq.4,35  feet  height 34,712  00 

Plane  No.  5, 120  feet  height 79,755  00 

Plane  No.C,20  feet  height 28,375  00 

Plane  No.  7, 107  feet  height 67,134  00 

Guard-lock.  8  feet  lift,  (on  rock) 19,950  OO 

Towing-path  bridge  on  dam 1,  BOO  00 

Six  (iraiusge-sluicee  and  waste-weirs 16,800  00 

Four  county  on d  farm  road  bridges 5,800  00 

Seven  milwi  grubbing  and  cleanug,  at  (400 S.yoo  00 

Three  acres  land-damages,  at  SaO 600  00 

Special  damages  at  Southampton 20,000  00 

Engineering  superintendence H,  000  00 

1, 115. 158  50 

¥«0X  SOUTHIUPTOM  LBVBL  TO  BRIDOKPOHT,  6.45  MILKS. 

This  section  iuolndea  eight  levels,  with  six  planes  and  two  locks.  The  seventh  plane 
descends  Into  the  bed  of  tbe  creek,  just  above  the  falls  of  Will's  Creek,  and  the  oanal- 
line  occnnies  the  stream  for  a  distance  of  800  feeL 

The  falls  are  formed  by  a  well-defined  ledge  of  rook  lying  sqnarely  across  the  creek 
at  a  very  narrow  place.  (See  appendix-sheet  C]  It  is  proposed  to  build  a  dam  across 
the  creek  on  tbe  crest  of  the  rock  causing  the  falls,  and  to  excavate  the  small  flat  area 
Jnst  above,  so  as  to  form  a  small  leeding-reservoir  with  a  guard-lock  at  the  end  of  the 
dam,  and  with  a  towing-path  bridge  OTer  the  dam.    From  this  pool  the  canal  most 
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pus  throagli  a  high  rocb-point  by  &  tnQnel  of  400  Teat  leiigtb  in  solid  rock,  to  be  of  tbe 
nme  dioieDsion^  as  the  summit-tnnnel,  with  tlis  addition  of  a  tofv-path  S  ftiel  wide. 
Thia  tutiiial  will  not  require  to  be  lined.  The  line  then  ccoaaea  the  creek  b;  ttD  aqne- 
Inct  of  two  spaaa  of  50  feet  each  »nd  16  feet  B  inches  rise,  (see  appendix-aheet  D,)  and 
distance  of  1,000  feet  asain  croBites  the  oreek  with  an  aqueduct  of  two  spans  of 
me  same  dimenaioDB  as  the  Insc  one,  and  in  a  distance  of  1,^00  feet  descends  by  a  plane 
73  feet  liJEh  to  the  bed  of  the  stceum.  At  this  place  a  new  channel  is  proposed  oo  the 
left  io  oroer  to  pass  the  creek  alongside  of  the  canal.  A  struD)(  gaard-bauk  is  pro- 
vided for,  (See  appeDdix-sbeet  E,  and  plans  of  stTaotnres,  sheet  No.  3.)  The  line  then 
imts  deep  into  a  sbarp  point  by  the  side  of  a  deep  out  for  the  PittsbnrKb  and  Con  noils' 
TiUe  Railroad  at  a  depth  of  12  feet  below  the  grade  of  the  railroad.  (See  profile-sheet 
No.  4,  Flection  at  station  TS3.)  Because  of  the  depth  of  this  cat,  and  of  Its  being  in 
Tcck,  tbs  canal-seotion  is  contT&otod  to  45  feet,  wiiioh  contraction  dntioDes  to  the 
SDCceedine  aqiiednct.  Will's  Creek  is  here  crossed  again  by  an  aquedact  of  four 
uclivs.  of  50  feet  epan  aud  7  feet  rise,  at  a  grade  elevation  of  16  feet  abore  the  creek. 
(See  plans  of  stmctures,  sheet  No.  4.)  The  line  is  then  supported  on  a  low  terrace  for 
sdislsnc«  of  700  feet,  and  Will's  Creek  is  again  crossed  at  Fairhope  by  an  aqueduct  of 
three  srches  of  50  feet  span  and  16  feet  tl  inches  rise,  at  an  elevatioD  of  33  feet  above 
the  creob. 

Tbe  mill-race  that  feeds  the  Fairhope  saw-mill  is  taken  under  the  wings  at  the  east 
end  of  this  aqnednct  by  a  9-foot  onlvert,  (see  plans  of  stractnres,  sheet  No.  4,;  and  it  ia 
psased  under  the  embankment  in  a  similar  manner  before  the  next  aqnednct  Is  reached. 
(For  plans  of  aqueduct  at  Fairhope  see  plans  of  strnotnres,  sheet  No.  5,  and  appendix- 
Bheet  H.) 

From  Fairhope  the  line  is  supported  on  the  slope  of  the  mountain,  on  the  west  side 
of  tbe  creek,  cntting  deeply  into  the  point  of  a  rock-bluff  just  below  Fairhope.  (See 
pioBle-Bheet  No.  4,  section  at  S34.]  It  baa  a  plane  115  feet  high,  one  71  feet  high,  and 
one  UQ  feet  high,  the  latter  descending  iuto  the  bed  of  the  stream  at  this  place  in 
order  to  avoid  a  very  difflcnit  and  steep  rocky  point  alluded  to  in  the  general  dsAcri^ 
titHi  of  this  portion  of  the  Will's  Creek  route.  The  location  from  the  rock- point  htniF, 
JDit  below  Fairhope,  to  this  plaoe  is  not  a  favorable  oue,  as  the  monutain-slupe  is  very 
tteep,  has  a  loose  soil,  and  is  covered  with  loose  surfacorock,  fallen  from  some  rook- 
)«dgta  higher  up  on  the  mountain. 

The  canal  is  passed  around  Gooseberry  Point  by  two  locks,  of  6  feet  lift  eaoh,  in  the 
tod  of  the  stream,  a  new  channel  fur  tbe  creek  being  made  on  the  left.  A  feed-calveit 
iaprovideil  for  the  dam  that  turns  (he  creek  into  the  new  channel  in  order  that  all  the 
iviilable  water  of  the  creek  may  be  fed  iutJ)  the  canal  at  the  foot  of  plane  .No.  11. 

From  this  point  to  Bridgeport  there  are  no  conditions  of  unusual  character  affecting 
tbe  location  ;  two  levels  and  two  planes  occur,  as  shown  on  profite-sbeet  No.  ^.  Some 
euoiinatiou  was  made  with  a  view  of  substitnting  four  planes,  between  Fairhope  and 
Gooeeberry  Point,  for  planes  Nos.  9,  lO,  and  11,  but  without  a  satisfactory  result. 

Ad  unusually  deep  tow-path  eioljankment  coufinee  the  oanal-prism  against  the  op- 
poaing  mountain-slope  just  after  passing  Gooseberry  Point.  (See  proGte-sheet  No.  5, 
'lection  at  1019.50.) 

KSTIM1.TB. 

^,l.iO  cubic  yar^earth-exoavation,  at  20  cents' $57,830  00 

31,000  cnhic  yards  rock-excavation,  (loose,)  at  50  cents 15,500  00 

299,^  enbic  yards  rook-exoavation,  (solid,)  at  tl S99,800  00 

30,00acQbic  yards  tunnel-approaches,  (rock,)  at^l 30,000  00 

i'l.OOOenbic  yards  tunnel-excavation,  at  $3.75 66,000  00 

<2.-ST0  cubic  yards  channel  excavation,  ai  20  cents .... 8,514  00 

S91,660enbic  yards  embankment,  (borrowed,)  at  30  oent« 87,498  00 

1.93I  cubic  yards  arch-masonry,  at  (15,  (aqueduct) 73,9^  00 

^,509  cubic  yards  of  pier  and  side- wall  masonry,  at  tl3J>0,  (sqaeduot) 106,362  50 

ltflS\  cubic  yards  backing  and  wing-masonry,  at  (10,  (aqueduct) 148,340  00 

CoDlingeiiciee  (small)  3  per  cent.,  (aqueducts) 9,860  00 

440 cable  yards  culvert-arch  masonry,  at  |12.50 5,500  00 

2,462  tubio  yards  culvert-masonry,  at  (» ■ 19,696  00 

'eo  cabic  yards  support-wall,  at  $6 4,6«0  00 

MO  enl.ie  yards  slope-wall  maaonry,  at  $6 3,000  00 

Plane  Nu.  8,  of  78  feet  height 48,925  00 

PUneNo.9,of  IIBfeetheight 84,990  00 

Plane  No.  10,  of  71  feet  height 46,305  00 

Plane  So.  11,  of  110  feet  height 79,735  00 

Hon*.- for  lock-keq»r 1,250  00 

Two  locks,  of  8  feet  lift  eaoh,  an  rock 44,168  00 

T»oj[iBrd-locks,of8feetlifl,on  rook 44,168  00 

Pl«iie»o.m.of  48  feet  height 39,567  00 

Pl»iieNo.  13,  of  60  feet  height 49,625  00 

Fooj dninage-slnices and waat^-weiiB ••• .......  11,200  00 
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Thie«d&in8,two  vitbfoed-enlverto tlO.OOO  00 

Two  tow-path  brid^ea 3,000  00 

Connty-rond  bridge  at  Fairhope : 9,000  00 

Itoad  at  Tub  Mill  Ruu,  (orossM  OD  Krade  of  plane) S5  00 

Five  miles  g rubbing  and  cleariDg,  at  $400 3,000  00 

Special  damages  at  Fairhope 5,000  00 

Forty  acrea  land-damage,  at  $20 800  00 

Eogiiieering  snperintetidenoe 9,000  00 

1,418,383  50 

BRIDOBPORT  TO   cook's  HllXa   IUtLROAI>-BlUI>GB,  5.44  HILES. 

This  section  preaenta  no  great  difflcnlty.  Coming  from  the  foot  of  plane  No.  13,  the 
line  tamB  the  bill  at  the  west  aide  of  the  town  of  Bridgeport ;  thence  crosses  through 
a  meadow  and  tnma  a  high  rock-blnff  by  a  deep  out  and  a  rednced  section  of  45  feet 
width,  (see  profile-sheet  So.  5,  section  at  1135,)  and  descends  by  a  plane  TO  feet  high  to 
an  old  bed  of  the  creek  lying  agamat  a  high  blnff,  where  for  a  diatance  of  neurly  4,000 
feet  the  canal  woold  be  formed  oy  a  tow-path  embankcnent  built  on  the  surface  of  tbe 
oataral  bank  on  tbe  left  of  this  old  ohaunel,  the  binff  formins  the  opposite  slope.  The 
creek  will  be  conflned  to  its  proper  ohannel  by  a  gnard-baul  or  dam  to  be  built  near 
tbe  foot  of  the  plane,  which  will  also  turn  a  small  stream  into  the  main  creek.  A.t 
tilia  place  a  feed-culvert  is  provided  to  take  water  fro[Q  tlie  pool  of  tbe  dooi  Just  re- 
ferred to.  This  level  continnes  throngh  low  farm-lands  to  plane  No.  15,  which  is  55 
feet  high,  the  Icnt^b  of  the  level  being  1.54  miles.  Plane  No.  15  descends  into  the  bed 
of  tbe  stream,  which  is  followed  for  a  distance  of  3,^0  feet,  after  which  tbe  lino  leads 
off  over  low  farming-landa.  (See  profile-sheet  No,  6.]  At  this  }ilace  a  new  channel  is 
to  be  eicavated  t4>  the  left  of  the  present  one,  and  the  stream  is  to  be  turned  into  it  by 
a  dam  in  which  are  to  be  pnt  feed-gates  as  on  the  preceding  level,  the  t«w-palh  being 
on  top  of  a  guard-embankment.  Another  level,  a  plane  46  feet  high,  and  a  level  with 
a  lock  of  8  feet  liil,  bring  the  canal  into  the  mill-dam  at  Cook's  Mill  SCaCioQ,  (Pitts- 
burgh and  C  on  netlsville  Kail  road.)  Here,  again,  the  main  bed  of  the  Btream  is  to  be 
taken  for  the  canal,  and  a  new  channel  provided  for  the  creek,  which  re-enters  tbe  old 
ohannel  Just  below  tbe  following  lock  of  8  feet  lift.  Tbis  lock  is  to  be  placed  at  the 
end  of  the  eld  dam,  and  by  its  nse  the  grade-line  <s  brought  low  euougii  to  pass  the 
canal  under  the  south  span  of  the  railroad- bridge  at  a  depth  of  18  leet  below  tbe 
bridee-cborda.  From  tbe  second  lock  nntil  the  line  tnrna  to  tbe  right  and  away  from 
the  bed  of  the  creek  a  atrong  and  high  |^ard-em  bank  men  t  is  to  be  made  to  keep  tbe 
floods  out  of  the  canal.  (See  profile  of  line  passing  under  railroad -bridge  an<l  sanction 
of  canal  under  the  bridge.  Profile-sbeet  No. 6,  and  appendix-sheet  I.)  Feed-gates  are 
provided  for  use  in  the  dam,  tnrniog  the  creek  into  the  new  channel. 

Tbe  four  spans  of  tbe  railroad-bridge  at  this  place  provide  so  ^reat  au  excess  of 
water-way  for  the  creek  tbat  no  possible  damage  can  accrue  by  passing  tbe  canal  under 
the  end  span  as  proposed.  The  guard-embankment  is  to  be  protect^  by  a  facing  of 
atone  on  the  outside  slope  to  prevent  abrasion  by  high  water  in  tbe  creek. 


240,340  cubic  yards  earth-excaTatlon,  at  30  cents $48,048  00 

49,195  cable  yards  rock-excavation,  (solid,)  at  $1 49, 195  00 

65,120  cubic  yards  channel-excavation,  at  25  cents 16,380  00 

132,750  cubic  yards  embankment,  (borrowed.)  at  30  cents 39,835  00 

650  cubic  yarils  culvert-masonry,  at  $6 3, 900  00 

220  cubic  yards  paving  culverts,  at  $2.50 5W  00 

600  cubic  yards  ■lope-ptoUction,at  $1,50 900  00 

150  cubic  yards  masonry  to  protect  railroad-abutment,  at  $6 900  00 

Plane  No.  14,  70  feet  high 43,115  00 

Plane  No.  15,  55  feet  high 46,929  00 

Plane  Ho.  16,  46  feet  high 42,  W8  00 

Two  locks  of  8  feet  lift,  on  piles 54,500  00 

House  for  lock-tender 1,350  00 

Three  drainage-sluices  and  waste-weirs 8,400  00 

Three  feed-gates  at  three  places 6,000  00 

TwocoDnty-roadbridgea,(BndgeportaudDevore's) 3,600  00 

Two  farm-road  crossings 3,000  00 

Farm-road  crossing  at  plane  No,  14 30  00 

Ninety-fonr  acres  land-damage,  at  $40 3,760  00 

Special  damagea  in  Bridgeport 8,750  00 

£iij);ineering  superintendence 5,000  00 

810  00 
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cook'b  mills  to  ouard-lock  in  ccHSERLAint,  S^  iolbs. 

HtTiDg  broDsht  the  line  of  the  oanal  down  to  the  bed  of  the  valley  to  otoah  nnder 
tbe  nllroad-bridge  at  Cook'e  HilU,  the  caoal  theaoe  lies  in  the  flat  lowlanda  of  the 
Tallc;  all  the  waj  to  the  Narrows,  and  <eloept  at  one  place)  farther  n»e  of  planes  U 
nDneeeaaar;  and  nndeairable.  lu  coDBideiatioa  of  the  fact  that  the  Wilt's  Creek  slope 
of  Cheoaoal  mast  ba  mainiy  fed  from  the  summit-level,  a  uniform  lift  of  8  feet  has 
been  given  to  the  locks- 
Leaving  the  railroad  bridge  at  Cook'a  Mills  the  line  of  the  canal  tamB  &om  tbe  oreek 
into  the  bottom-lands  between  tbe  railroad  and  the  oreek,  and  oroHses  Gladden's  Enn 
it  m>  low  a  grade  a«  to  neceeeitate  the  reception  of  that  stream  into  the  oannl.  At  a 
diatuce  of  li  mile«  fi^im  the  railroad  bndge  the  canal  again  entera  the  bed  of  the 
ttreuD,  in  order  to  paHnndei' tbe  bridge  of  th^Bedford  Branch  Railroad,  near  Ellerslie, 
in  tbe  same  general  manner  as  at  the  Pittsburgh  and  Coonellsville  Railroad  bridge. 
At  Ibis  place  another  span  mnat  be  added  t«  the  bridge  for  tbe  use  of  the  canal.  A 
new  cbaonel  is  to  be  made  for  the  creek  to  tbe  left,  with  a  dam  and  feed-gates  as  at 
the npper  bridge.    (See  appendix-ebeeC  K.) 

Ftddi  the  raSroad  bridge  at  Ellendie  the  line  of  the  canal  liee  tbrooKh  low  bottom- 
landB  Id  a  long  out  averaging  quite  nearly  the  faU  depth  of  the  canal,  9  feet.  <See  pro- 
file-*beetNo.7.) 

TbelJDenow  liee  between  the  railroad  and  the  creek,  crossing  the  moatb  of  Jen- 
niuii^'s  Ran  by  an  aquednct  of  80  feet  span,  and  placed  at  the  same  elevation  as  the  ad- 

; .._„^^^_,..._        ,..._..    ... ,  ..         „        .     ._.^. 


Jmnt  railroad  bridge.  Xtcontionee  on  favorable  groand,  crossing  Will's  Creek  by  the 
iideof  the  railroad  bridge,  jDit  above  the  Narrows.    (See  appendix-sheet  L.) 

Ac  tbe  month  of  Jennings's  Ban  there  is  room  for  both  tne  creek  and  the  canal  be- 
tveen  [be  railroad  and  the  rock  point  on  the  opposite  side  of  the  creek.  The  grade- 
lin«  of  the  canal  is  broaght  down  to  the  bed  of  the  creek  at  the  Eckhart  Branch  via- 
duct b;  a  plane  .12  feet  ni^b,  which  passes  under  the  Pittsburgh  and  Coniiellsville 
Byroad.  Tbe  object  of  nsitig  a  plane  at  this  place  is  to  enable  the  oanal  to  pass  nnder 
the  Eckhart  Branch  Baitroad  ;  this  will  necessitate  an  additional  bridge-span  80  feet 
loiiKtopaBs  the  railroad  over  tbe  oanal.      (See  profile-sheet  No.  8,  section  at  1723.) 

Tin  problem  of  looating  the  cnnal  between  Bridgeport  and  Cumberland  is  practically 
sDd  MtisfactoriljT  Mlved  by  passing  tbe  canal  nuder  the  railroad  bridges  at  Cook's 
UIUb  and  EUerslie,  and  then  bringing  it  along  between  the  railroads  and  the  creek, 
•nd  passing  it  nnder  (he  Eckhart  Branch  viadnct  so  as  to  occupy  the  lett  or  east  side 
of  tbe  bed  of  the  creek  In  the  Narrows.  This  is  done  by  excavating  the  bank-slopea 
oflbe  creek  ont  to  the  National  Road  on  the  right  and  to  therailroi^  on  tbe  left,  snp- 
porting  those  roads  by  retaining- walls,  and  by  separatiniF  the  creek  and  canal  by  a 
diTiaion-wall  of  masonry.  (See  profile-sheets  Nos.  8  and  9,  and  sections,  and  special 
mapof  TheNarrows.)  Three  detailed  sheets  of  the  Narrows  have  been  made,  one  of 
which  give«  tbe  oontonr-lines  between  the  National  Road  and  the  railroads,  and  the 
i>ther  to  show  tbe  proposed  location  of  the  canal  from  Braddook's  Run  through  tbe 
Xarrows  and  into  the  city  of  Camberland.  They  also  indicate  the  changes  that  should 
b«  made  in  roads  and  bridges  in  order  to  admit  of  this  location. 


^lOO  cabic  yards  earth-excavation,  at  30  cents 1198,630  00 

176,430  cubic  yards  rock-excavation,  (in  Narrows,)  at  81.20 211,716  00 

'2,310  cabio  yards  channel-excavation,  (to  be  pnt  into  guard-bank,)  at  30 

eenw 21,663  00 

^'OOcnbio  yards  embankment,  (borrowed,)  at  35  cents 109,  445  00 

6,000  cabic  yards  filling  between  looks  and  gnard-waU,  at  25  cents 1,500  00 

AqoedncCs: 

£,050  cnbic  yards  arch-masonry,  at  $15 30,750  00 

3,400  cnbto  yards  pier  and  sidnwaU  masonry,  at  (12.50 42,600  00 

3,8%  cnbiQ  yards  backing  and  wings,  at  (10 38,950  00 

l.aOOcnbic  yards  rock-excavation  for  fonndatlona,  at  $1.50 1,800  00 

Contingencies  of  aquedncts,  10  per  cent 11,400  00 

l,G30cnbic  yards  culvert-masonry,  at  $8 13,040  00 

Si.'fllO  cubic  yards  retaining-wall,  to  support  railroad  and  National  Road 

inenlargiugbedofcreek,  atse 418,800  00 

ll.fi00  cubic  yards  slope-waU  for  tow-poth,  at  82.50 29,000  00 

73,000  cnbic  yards  guard- wall,  (between  creek  and  canal,)  at  (8 584,000  00 

leiocks,  5.  6,  and  8  feet  lift ^1.445  00 

Pl«ne,32re«t  high 33.M43  00 

Bo«etniss,80feetspan,BtElIeralie,topa8scanalundornulTOad,at$2S.  2,000  00 

300  cable  yards  masonry  for  bridge,at|10 3,000  00 

Foundations 500  OO 

Bridge  for  railroad  over  plane,  60  feet  span,  with  masonry 9,500  00 

Iron  bridge  at  Eckh^t  Branch  Railroad,  85  feet  span,  at  (50 4,350  00 
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750  cubic  rarda  abntnient  mBBOnry  for  bridge,  M  (10 $7,500  DO 

1,500  cabio^Brdaeanh-ezcBTstiou  for  fonndstion,  at  $30 450  00 

Filling  behind  abutment  and  relaying  trMk  ......   ....................  l&O  00 

Tearing  down  National  Road  viaduct 1,000  00 

New  iron  bridge  for  National  Uoad— 1  span  100  feet,  1  span  BO  feBt=iaO 

feet,  atlas 4,500  00 

150cubia<raidsabatmeQt  maBoniy.at  310 1,500  00 

45,900  cubic  ^arda  embankment,  (change  of  National  Boad, )  at  12i  oeota.  5,737  50 

1,000  cubic  yards  macadamizing,  at  $2.50 2,500  00 

Constrnction  of  tow-patti  and  damage  to  property  in  Cnmbeclaad.......  10,000  00 

Six  drainage-alaioeB  and  wasle-weira 16,600  00 

Eight  county  and  farm-Toad  bridges 14,450  00 

Onehandredand  twenty  aoreelaud-dai^agea,  at  150 6,000  00 

Engineering  a uperinteudanoe 12,000  00 

2,220,318  60 

yrEBTWARD  moK  scmmit. — from  end  of  summit~lxvxi.  at  MBTKXSDiiLS  to  gab- 
RETT,  4.39  mua. 

Tbere  are  two  looki  of  6  feM  lift  each,  ao  that  the  demand  for  ftoed-water  from  the 
summit-level  may  be  aa  li^ht  aa  praoticable  until  tbe  •niplni  flow  of  Caatleman  Rivei 
-can  Bgaia  be  osed,  which  is  done  at  tbe  county-road  bridge,  two  milee  below  HeyerB- 
dale.  Tbe  arran^ment  of  two  locks  of  6  feet  lift  brinftB  tbe  grade  of  tbe  oanat  to  a 
-eonTanient  height  above  the  bed  of  the  river  at  the  bridge  to  allow  the  admistioo  of 
feed-water  from  a  reaervoir  to  be  made  here,  and  also  to  a  proper  height  to  be  carried 
acroee  tbe  river,  about  3,000  feet  farther  on,  by  an  aqueduct  of  three  spang,  of  60  feet 
eooh,  with  riee«  of  7  feet.  There  is  heavy  eide-elope  einavation  ju«t  before  reacbing 
the  second  look,  (explained  by  croas-iection  at  station  65,  profile-sheet  No.  10.)  The 
tow-path  embankment  is  placed  in  tbe  bed  of  the  river,  and  protected  by  a  stone  fac- 
ing. Tbe  eeotion  at  station  56  eiplaine  how  the  stream  in  oocnpied  here,  and  a  new 
obannel  cnt  for  tbe  river  to  the  lefU  A  portion  of  theae  protected  slopes  woold  be 
covered  by  tbe  back-water  of  the  reservoir-pool.  From  the  eeoond  lock  to  Qarrett  are 
two  long  levels,  one  of  3  miles  and  the  other  1.44  miles,  and  two  looks,  one  of  11  feet 
and  tbe  other  of  S  feet  lift.  The  ground  is  very  favorable  for  the  location,  as  seen  by 
the  profile. 

■miUTB. 

249,370  cdIjIc  yards  earth-exoavatioD,  at  3D  cents (49,874  00 

120,860  onbic  yards  rook-excavation,  atSl 120,860  00 

£,660  onbic  yards  ohaunel-eicavation,  at  36  cents 1,387  50 

2^,560  cubic  yardserabankment,  (borrowed,)  at  30 oeoU 67,965  00 

Aqaednct : 

1,190  cnbic  yards  arch-masonry,  at  (15 17,850  00 

3,280  cubic  yards  piers  and  side-wall  masonry,  at  (12.60 40,760  00 

1.790  cubic  yards  backing  and  wings,  at  (ID 17,900  00 

500  cubic  yards  excavation  for  foundation,  at  50  cents 250  00 

Foundation  platforms - J,50O  00 

Contingencies  on  aqueduct,  10  percent 7,825  00 

160  cubic  yards  culrert-arcli  masonry,  at  (12.50 2,000  00 

*00  cubic  yards  calvert-masonry,  at  (8 4,600  00 

180  cubic  yards  culvert-paving,  at  (2.50 450  00 

l,500oubio  yards  slope-protection,  at  (1.50 2,250  00 

Lock  of6  feat  lift,  on  rock 16,730  00 

Look  of  11  feet  lift,  on  rock 39,836  00 

Lock  of  8  feet  lift,  on  rock 22,134  00 

Three drainage-aluicee and  waste-weirs 6,400  00 

Dam  and  feed-culvert 22,500  00 

Coonty-road  bridge 2,000  00 

Four  farm-road  bridges 6,000  00 

One  and  a  half  miles  grubbing  and  clearing,  at  (400 600  00 

One  bnndred  acres  land-damage,  at  (50 5,000  00 

Engineeriag  superintendence 6,000  00 

463,861  50 

QARBBTT  TO   UIMBRAI.  POINT,  7.75  UILXB. 

Feed-water  will  again  be  taken  into  the  level  inst  below  the  lock  at  Garrett  bv 
meansof  a  dam  and  the  nsual  feed-culverts.  In  tliis  manner  we  can  atUice  the  avail- 
able discharge  of  Bnff^o  Creek,  a  considerable  stream  emptying  into  the  river  at  Oar- 


rett,  and  also  of  Blue  Lick  Cre«k,  wblch  empties  into  the  river  jast  belon  the  aqn»- 

A  laiKe  stream  ia  orossed  opposite  Oarrett,  reqairiaK  au  arch-culvert  of  30  feet  span. 

The  arst  level,  3.56  miles  long,  is  terminated  by  a  plane  54  feet  high.  At  abant  tha 
middie  of  this  level,  and  again  jost  before  comiug  to  the  ptaae,  Bteep  rock-bluffa  ar» 
enconntered.  The  character  of  conBtructiou  is  eKplained  b;  tteotious  on  profile-sheet 
So.  II.  Two  linFS  were  snrveyed  on  the  last  half  of  this  level,  and  the  one  lying  th« 
higberon  the  bill-eide  waaadopted.  From  the  plane  to  Mineral  Point  the  location  is 
generallj  a  good  one  ou  oide-bill  slopes  and  flat  lauds,  eacoanterian  a  rock-blnff  jnsi 
opppsit*  Mineral  Point.  * 

Iliere  are  no  conaiderable  streamB  crossed  on  this  section ;  on  the  contrary,  there  is 
a  notable  abaence  of  larxe  creeks  on  the  left  side  of  the  river  between  Meyersdale  and 
Conflnence.  Cox's  Creek  is  qaite  a  large  tribatary,  ent«riDg  the  river  from  tbe  right 
hand  at  Mineral  Point. 


T06,ia0  cubic  yards  earth-excavatioD,  at  30  cents $141,2%  GO 

150,100  cubic  yards  rock-excavation,  at  |1 150,100  00 

779,61^  cubic  yards  embankment,  (borrowed,)  at  30  cents 233,901  00 

l,U6cDbic  yards  cnlvert-arch  masonry,  at  $13.50 13,075  00 

1,027  oobio  yards  culvert^raasonry,  at  ^ 13,016  OO 

ISO  cnbic  yards  on  1  vert-paving,  at  |3.5U 375  00 

Foundations  of  culverts 4,800  00 

S,S&5  cabio  yards  slope-protection,  at  |1^ 8,462  50 

Mine  No,  l,{we8t,)  64  feet  high 46,318  OO 

Four  locks  of  10  feet  lift,  on  rook 110,160  OO 

Twolocksof  12  feet  lift,  on  rock 65, 890  00 

SeTendraiDage-BlniceB  and  waste-weirs 19,600  00 

Dim  and  feed- culvert  at  Garrett 22,500  OO 

Ons  State  and  county  road  bridge 2,000  OO 

Fmrfiirm-road  bridges : 5,300  OO 

Seven  milm  grabbing  and  clearing,  8t  (400 2,800  00 

Siit^  acres  land-damage,  at  (80 1,200  OO 

EnguiMting  superintendence 8,000  OO 


•  848,756  50 

MINERAL    POINT  TO  CASSEIJUAN,   3.2  MILES. 

Tbisaeetlonis  overrongh  and  rocky  ground.  There  are  four  levels,  with  three  looks 
ofl3  feet  lift  and  a  plane  38  feet  high  just  above  Casselman.  Two  of  the  levels  are 
■note  than  a  mile  in  length  each.  For  about  one-half  of  this  section  the  slope  of  the 
tow-path  reachesdown  to  the  river,  and  is  to  be  protected  with  stone. 

The  water  of  Cox's  Creek  is  to  be  utilized  by  a  dam  and  feed-valves  to  feed  into  the 
Itvel  next  below  Mineral  Point. 


lS9,4Mcnbic  yards  earth-excavation,  at  SO  cents (33,880  00 

SS,o0D cubic  yards  rook-excavation,  at  (1 85,500  00 

111,330  cDbic  yards  embankment,  (borrowed.)  at  30  cents . 3J,  405  00 

230  cubic  yards  culvert-arch  masonry,  at  (13.50 3,^76  00 

J30  cubic  yards  culvert- masonry,  at  (8 2,640  00 

130  cubic  vards  culvert-paving,  at  ^.50 325  OO 

4.100  cnbio  yards  slope-protection,  at  (1.50 6,150  00 

Three  locks  of  13  feet  lift  each,  (on  rock) 98,835  00 

Plane  No.  3,  (w«t,)  38  feet  high 34,450  00 

Ihtee  drainage-alaicee  and  waat«-weir8 8,400  00 

I>ui  sod  feed-anlverta  at  Mineral  Point 25,000  00 

Btate-road  bridge  at  Mineral  Point 1,  BOO  00 

Coanty-Toad  biTdge  at  Middle  Fork 1,500  00 

Tfw«  ™i. ^..r_ J  -'flaring,  at  (400 BOO  00 

at(30 480  00 

3,000  00 

339,040  00 


hs  gmbbiog  and  clearing,  at  (400 800  00 

Biiteen  acres  land  damage,  at  (30 480  00 

Engineering  anperintendence 3,000  00 


CUSELMAN  TO  nXKBRTOK  TUNNEL,  4.5  M 

i  seetiona  enffieiently  explain  the  charactei 
1  tooT  looks  of  16  feet  lift  and  two  of  14  1 
o  krdi^pwt  of  80  feet.    The  general  alMRSct«r  of  the  loostfon  is  good. 


"ioot^le 


150,190  cnbiojarasearth-escavatioD,  at  90  cents ?30,038  00 

411,160  cnbio  yarde  cMnbaukment,  (borrowed,)  at  30  Mnta 123,348  00 

321  cnbic  yards  cnlvert-arcb  mnaonry.  at  $12.50 4,012  50 

468  onbic  yards  oiUvert-mftBonty,  at  S8 3,744  00 

356  oubic  yards  onlveM-paving,  at  t2.50 887  50 

5,630  cubic  yards  Hlope-proteotion,  at  $1.50 8,445  00 

Two  looks  of  14  feet  lift,  (on  rook) 76,700  00 

Fonr  locks  of  16  feet  lift,  (on  took) 175,080  00 

'Six  drain atfe-slnices  and  wast^-weirs 16,800  00 

Conntv-road  bridRe  (at  Forge  Bridge) 1,800  00 

Three  farm-road  bridges. 4,500  00 

One  and  one-quarter  miles  grubbing  and  dearing,  at  $400 500  00 

Sixty  ncres  land-daniages,  at  $30 1,200  00 

Engineering  superinteadence  .-.. 4,500  00 

451,495  00 

PINKKRTON  TCXNEL  TO  COKFLUBNCB,   11.44   MII.E8. 

Althoagh  the  profile  shans  this  section  to  be  laid  on  very  roagh  gronx^i  J^ttbe 
qaantitlee  are  not  excessively  large.  All  along  the  Casselman  and  Yonghiogheuy  seo- 
"  n  of  the  canal  tbe  line  has  been  pnrposely  laid  eo  that  on  the  side -hill  slopes  the 


a  Ibe  left  hand  would  Dearly  balance  tbe  embankment  on  the  right.  When 
rock-bluOs  have  been  encountered  the  line  has  been  taken  boldly  tbroagh  them,  but 
deep  eoibanknents  have  generally  been  avoided.  Thua  far,  the  river  has  not  had 
many  abrupt  bends,  and  the  line  has  not  been  notably  crooked,  bnt  on  this  section  the 
river  is  very  crooked  and  in  some  places  remarkably  narrow.  The  great  bead  opposite 
Finkerton  tunnel  is  10,500  feet  long,  measured  by  tbe  left  bank  of  tbe  river,  between 
points  that  are  bnt  2,500  feet  apart  on'a  straight  line.  Onr  survey  followed  the  bend 
of  tbe  river  in  order  to  determine  iM  length  and  character,  but  there  was  not  time 
enoogh  to  compare  tbis  line  with  the  direct  line  across  tbe  bend,  which  wonld  Deoessi- 
tate  a  tunnel  and  two  aq^nedncts.  The  estimates  have  therefore  been  made  for  the 
ronte  alons  the  river-bank.  Tbe  general  character  of  this  section  is  roogh,  and  the  fall 
more  rapia  than  elsewhere  on  tbe  Caseelman  slope  of  Che  canal.  There  are  fourteen 
levels  of  an  average  length  of  a  little  more  than  half  a  mile,  one  of  tbem  tetmlnatiog 
in  a  plane,  and  the  others  in  locks  of  16  feet  lift.  Tbe  line  is  laid  across  the  river  just 
below  Brooke  tnnnel,  (where  the  railroad  leaves  the  river,)  in  order  to  occupy  the 
more  favorable  ground  of  the  right  bank,  and  also  to  avoid  some  very  difBcnlt  ilafb 
on  the  left  bonk,  and  tbe  long  bend  at  Hamedsville.  At  this  village  a  plane  has  been 
located  in  order  to  avoid  the  great  number  of  locks  which  otherwise  would  be  neces- 
earj  to  overcoma  the  fall.  The  aqueduct  near  Brooke  tunnel  bos  five  arches  of  50 
feet  span  each,  with  7  feet  rise. 

Hamedsville  is  reached  by  a  level  2}  miles  long,  terminating  in  a  plane  38  feet  high. 
Thence  to  Confluence  are  two  levels  1}  miles  long,  a  lock  of  14  feet  lift,  and  one  or  10 
feet  lift.  Arrangements  are  made  to  take  feed-water  in  the  usual  manner  fhim  the 
river  near  8hoo-Fly  tunnel,  (Pittsburgh  and  Connellsville  Bailroad.) 


593,590  cubic  yards  earth-excavatioD,  at  20  cents $118,718  00 

23,000  cubic  yards  rook-excavation,  at  $1 23,000  00 

874,270  cubic  yards  embankment,  (borrowed,)  at  30  cents    262,281  00 

Aqueduct  near  Brooke  tunnel,  Pittsburgh  and  Connellsville  Railroad : 

1,980  cubic  yards  arch-maaonry,  at  815 29,700  OO 

5,210  cubic  yarda  piers  and  side-wall  maaonry,  at  $12.50 65, 125  00 

2,440  cubic  yards  backing  and  wing-wall  masonry,  at  $10 24,400  00 

Foundations,  excavation,  &,c 1,600  00 

Contiugencies  of  aqueduct,  10  per  cent .. ...... . li,  073  50 

190  cubic  yards  culvert-arch  maaonry,  at  $12.50 2,375  00 

868  cubic  yards  cuivert^maaonry,  at  $8 2, 144  00 

810  cubic  yards  culvert-paving,  at  |2.50 525  00 

8,730  cubic  yards  slope-protection,  at  $1.50 13,095  00 

Fifteen  locks— 2  of  10  ieet  lift,  1  of  12  feet  lift,  12  of  16  feet  lift 620.300  00  ' 

Plane,  36  feet  high,  and  one  38  feet  high 75,950  00 

Sixteen  drain  age- sluices  and  waste-weirs 44,800  00 

Dam  and  feed-culvert 25,000  00 

Five  State  and  county  road  bridges 10,000  00 

Four  fanu-road  bridges 6,000  00 

Nine  and  eight-tenths  miles  grubbing  and  clearing,  at  $400 3,920  00 

One  hundred  acres  land-damages,  at  ¥35 3,500  00 

Engineering  superintendence ., ,.  12,000  00 


X  .(K>l,^40e  50 
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THIRTT-BBVKKTH   LKVEL,,   (SKB  APPEKDIX-SBEBT  N,)   2.27  UILEB. 

The  tblrty-BeTenth  level  is  the  one  at  Confluence,  Pa.,  which  place  was  known,  io 
IhegnrvefH  of  1S24,  as  Turkey  Foot. 

Owing  to  the  changed  conttitiuna  broneht  about  bj  the  conBtrnction  of  the  railroad, 
iIm  tine  of  the  canal  innst  cross  the  CastVeman  Kiver  by  an  aquednct  of  six  Bpaos  of  60 
feet  each,  and  the  Yonghiogheny  Rivei  by  an  aqnednct  of  aevaa  spans  of  50  feet  eacb, 
the  rises  of  the  arcLee  in  both  aqusduuts  lieins;  7  feet.  For  the  general  type  of  these 
aquedqcU,  and  for  the  long  aquednot  at  Ohio  Pyle  Falls,  see  plans  of  sCractares,  sheet 
6.  As  this  drawing  was  the  firsi  aindy  fur  these  long  aqneducta,  some  of  the  detaila,  ae, 
toi  example,  the  wiug-walls,  have  not  been  fully  Ftttablished. 

CotuiderlnK  it  essential  that  a  basin  with  wharves  ahonld  be  provided  at  Conflnenoe, 
and  desiring  to  avoid  a  lock  on  the  interval  lii^tween  the  two  river-crossings,  both  rivers 
baiB  been  crossed  on  the  same  level  at  a  height  judged  to  be  aecare  from  high  water, 
ll  a  scarcely  practicable  to  lay  the  grade  of  the  ouial  low  enongh  t«  brinf;  In  feed- 
wUec  from  the  Yonghiogbeny  Kiver  at  this  place,  as  that  stream  has  bnt  a  sligbt  in- 
diaation,  and  a  feeder  would  need  to  be  eight  or  ten  miles  in  length  in  order  to  reach 
■  point  Bofficiently  high  to  deliver  water  into  the  oanal  with  the  osanmed  grade-line. 
HaviuK  provided  to  t^e  in  the  available  feed- water  of  the  Castleman  River  near  Fort 
Hill,  nine  miles  above  Conflnenoe,  provision  is  made  to  take  feed-water  from  the 
Yoaghiogheny  River  at  apointabont  three  miles  belowCooflaence.  This  level  reaobes 
to  a  distance  of  two  miles  below  Conflnenoe. 


6^,630  cnbio  yards  earth-excavation,  at  20  cents $13,726  00 

%670  enbio  yards  n>ck-ezoavation,  at  gt 22,670  00 

33,411)  cubic  yards  embankment,  (borrowed,)  at  30  cents 9,732  00 

Cutlentan  aqnednct : 

2,374  cnbio  yards  aroh-maaonry,  at  |15 35,610  00 

6,210  cnbic  yards  pier  and  aide- wall  masonry,  at  $12.60 77,625  00 

2,763  cubic  yards  backing  and  wiog-wall  masonry,  at  (10 27,630  00 

Fonndationa  to  rook 2,000  00 

Contingencies  on  aqnednct,  10  per  cent U,886  50 

ToDghLagheny  aqnednct : 

3,770  cnblc  yards  arch-maennry,  at  115 41,550  00 

7,1B0  cnbic  yards  pier  and  side-wall  masonry,  at  $12.50 e9,750  00 

3,060  cnbio  yards  backing  and  wing-wall  masonry,  $10 30,»00  00 

Foandations  to  rock S,  500  00 

Contingencies  on  aqnednct ; 16,460  0(1 

13S cnbic  yards  cnlvert-arch  masonry, at  $12i>0 l,S>fJ  50 

aWcnbic  janlsonlvertrniBBonry,at58 1,  600  00 

145  cnbic  yards  culvert-paving,  at  12,50 *.  362  50 

Foondationof  cnlvert,  (on  rock) 300  00 

R,660  cnbic  yards  retaining-waU  for  basin,  at  $6 39,960  00 

Lock  of  14  feet  lid,  (on  rock) 38,350  00 

OnedraiDoge-alaioeand  waate-welr 2, 600  00 

Sute-road  liridge  over  basin,  80  feet  apan 3,000  00 

Two  eounty-road  bridgea 3,600  00 

Two  fann-road  bridges 3,000  00 

One-tenth  mile  gmbbiug  and  clearing,  at  $400 40  00 

Forty-five  acres  land-damage,  at  $50 2,250  00 

Engineering  anperintendenoe .. .  .... ... .  .... . . •  2,275  00 

463,664  50 

TWO   MILES  BELOW   COKFLUBNCB  TO   OHIO  PTUC,  9,  18  MII.E8. 

This  division  bepns  at  the  flrst  lock  below  Conflnence  and  reaches  to  the  foot  of  the 
plane  at  Ohio  Pyle. 

The  Srat  three  levels  of  this  section  are  eaob  bnt  3,000  feet  long,  with  one  lock  of  12 
feet  lift  and  two  locks  of  11  feet  lift,  the  river  being  of  rapid  fail,  and  the  moaotaiD- 
<lape  steep  and  rocky.  These  three  levels,  and  the  following  one.  3.94  miles  long,  show 
on  the  profile  as  if  in  excessively  deep  cutting,  bnt  a  reference  to  the  traneverae  sec- 
<>ona  made  on  these  levels  shows  that  the  line  is  laid  on  a  steep  hill-side,  and  that  the 
eiuvation  and  embankment  quite  nearly  balance. 

The  grade-line  of  the  fonrth  level  ia  placed  low  for  the  pnrpoee  of  taking  feed-watei 
(rom  the  Youghiogheny  River  at  ita  upper  end,  at  a  distance  of  3,37  miles  below  the 
croedngof  the  river  at  Conflnence.  The  feeding-gates  will  be  placed  in  one  of  the 
deeo  eravice*  shown  on  the  profile  at  station  1871.  (See  profile-abeet  No.  18.)  Except 
*t  the  blnfie  of  the  great  bend  below  Egypt,  the  ground  is  favorable  for  the  remainder 
ef  the  aeotion,  and  Uie  levels  average  one  mile  in  length. 

The  last  level  of  this  divisioo  crosses  the  Youghiogheny  Biver  at  Ohio  F]rle,]iist 
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above  the  falls  aot)  jaaC  below  the  State-road  bridge,  b^  an  aqnednct  of  seven  spanH, 
of  60  feet  eucb,  with  versed  sines  of  8  feet.  The  Krade  is  16  feet  above  low  water  and 
9  feel  above  bigb  water.  The  line  here  crosses  tne  Deck  of  the  beud  by  a  ent  15  feet 
in  greatest  dept.b  aud  TOD  fret  in  leugtb,  and  descends  to  tbe  river^bank  b;  a  plane 
8a  feet  high.  It  at  once  recrosses  the  river  by  an  aqueduct  of  three  arches,  of  70  feet 
span  aud  12  feet  rise,  ut  a  grade-elevatioD  of  3ti  feet  above  low  water  and  17  feet 
above  higb  w 


minj^ly  impracticable  to  paw  tbis  bend  in  the  river  in  any  other  manner 
^      n  inclined  plane.    Tbe  canal  could  follow  aronnd  the  bend  by  nsinu  five 
locks  of  16  feet  lift  or  six  locks  of  14  feet  lift,  with  intervale  of  2,040  feet  and  of^I,7i 


feet  respectively.  It  would,  howeviir,  have  to  be  formed  on  almost  bare  rock,  by  • 
strong  retaiuiug-wall,  with  but  a  very  meager  supply  of  clay  or  loam  soil  to  form  the 
banks.    Tbe  nsu  of  a  plane  seems  by  far  the  better  method  of  passing  this  point. 

Feed-water  is  to  be  taken  into  tbe  pool  at  the  foot  of  tbe  plann  by  a  feeder  leading 
np  the  river  to  a  poiut  at  which  the  available  Sow  of  the  stream  can  be  tamed  in  by 
a  low  dam,  the  daily  flow  as  gauged  in  1825  being  155  cubic  feet  per  seoond. 

9SI,4S5  cubic  yards  earth-excavation,  at  SO  cents $56,385  00 

686,43.^  cubic  yards  rock  excavation,  at  91 886,435  00 

334,750  cubic  yards  embankment,  (borrowed,)  at  30  cents 100,425  00 

Aqueduct  at  Ohio  Fyle,  upper  crossinf;: 

3,022  cubic  yards  arcb-maaonry,  at  (15 .  45,  XIO  00 

5,610  cubic  yards  pier  and  side-wall  masonry,  at  113.50 70, 125  00 

3,695  cubic  yards  backing  and  wing-wall  masonry,  at  (10 36,^0  OO 

Foundations  on  bare  rock 500  00 

Contingencies  of  aqueduct 15,290  50 

350  cubic  yards  culvert-arch  maaoniy,  at  (12.50 4,375  00 

250  cubic  yards  culvert-niasonry,at  (8 2,000  00 

145  cubic  yards  culvert- paving,  at  ^J>0...... ............ ....... 362  50 

13,760  cubic  yards  slope- protection,  at  (1,50 20,640  00 

2  locks  of  11  feet  lift,  on  rock 60,2«>  00 

2  locks  of  IS  feet  lift,  on  rock 65,81J0  00 

8  locks  of  16  feet  lift,  on  rock 97,510  00 

Plane  82  feet  high 50,193  00 

Six  drainage-sluices  end  woete-weirs 16,800  00 

State-roud  bridge  at  Ohio  Pyle 25,000  00 

Street-bridge  to  peninsula,  oKio  Pyle l.rtOO  00 

Twocounty-road  bridges 3,000  00 

Eight  and  one-fourth  miles  grubbing  aud  clearing,  at  (400 3,:t00  OO 

Twenty  acres  land-damage,  at  $50 1, 000  00 

^engineering superintendence  ........ .... .... . 9,000  00 

1,562,491  00 
OHIO  PYLX  TO  INDUK  CBBEK,  9.30  UILRS. 

This  section  iucladee  the  aqueduet  at  the  foot  of  the  plane  st  Ohio  E^le.  (See  plans 
of  structure,  sheet  No.  7.)  The  grade-line  of  tliis  aqnednct  is  28  leet  above  low  water. 
There  in  a  distance  of  300  feet  between  the  foot  of  the  plane  and  the  aqnednct,  into 
which  the  feeder  wonld  deliver  the  supply  of  water  taken  at  tbis  place. 

This  division  lies  over  very  roufch  ground,  covered  with  loose  rooks,  and  on  slopes 
that  reach  down  to  the  water's  edge ;  for  tbis  reason  a  large  amount  of  support-wall 
is  estimated  for,  the  river  being  so  narrow  that  ita  width  oaanot  safely  be  lessened  by 
embankment-slopes,  even  though  protected  by  a  facing  of  atone,  (gee  profile-sheet  No. 
21,  sections  at  2350,  2355,  23&!.}  At  tbe  bloO'-rock  bank,  at  station  2641,  (proBle- 
■heet  No.  22,)  tbe  river  being  of  snCBoient  width,  the  ounal  is  passed  aronnd  tbe  blnff 
by  a  higb  tow-path  embankment,  prot«cted  by  a  facing  of  stone.  At  station  2710  the 
canal  baa  a  contracted  width  in  a  rock  eectiun  fur  a  dietaDoe  of  700  feet,  adjacent  to  a 
lock  which  is  in  part  to  be  placed  In  the  rock.  (See  proflle-sheet  No.  32,  eeotionB  at 
2703  and  at  2707.) 


485.165  cabto  yards  esrtb-excavation,  at  20  cests (97,033  00 

490,220  oubio  yarda  rock-excavation,  at  (I 490,220  00 

923.670  cubic  yards  embankment,  ( Kirrowed,)  at  35  cents 367,934  50 

Aqueduct  at  Ohio  Fyte,  lower  oroesing; 

1,543  cable  yards  arch  masonry,  at  (15 23,130  00 

3,635  cobio  yards  pier  and  side-wall  masonry,  at  (12.50 35,437  50 

2,595  ctihic  yards  backing  and  wing-wall  maeooTy,  at  (10 -..  25,950  00 

Foundations  (on  rock) 1,600  00 

Contisgencies  of  aqueduct,  10  percent.. 8,611  75 
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1,490  cabic  yai^B  calvert-aKb  masonry,  at  $13^ 918,625  00 

S,ls9cabio  jaidt  calvert-maBODry,  at  $d 17,513  00 

9n  cubic  yards  cnlvertpavinit,  at  92^ -■ 2,317  50 

54Jl00cabioyardaBapport-wall,at86 329,400  00 

U,4E6  onbic  yards  alope-protectioQ,  at  $1^ 17,197  50 

Oaelock  of  10  feet  lift,  ou  rock 27,540  00 

One  lock  of  12  feet  lift,  on  rock 3«,945  00 

Onslockof  14  feet  lift,  on  rock 38,350  00 

RTe  locks  of  16  feet  lilt,  on  rock 318,775  00 

PUnB  70  feet  high 47,010  00 

Mm  dcaiDBge-sriiioes  and  waste-veits ^  25,200  00 

Duo  »nd  feeder  at  Ohio  Pyle t 24,845  00 

Two  coQDty-road  bridges 3,500  00 

Eight  Bad  three-qvarlerB  mile«  grabbing  and  clearing,  at  ^00 3, BOO  00 

Eight  tores  land-damage,  at  $20 160  00 

EDgiasering  snperintendence 9,000  00 

1,785,793  75 

IKDIAN   CSEEE  TO  DUNBAR  CREEK,  GAS  MILES. 

At  Indian  Creek  the  river  widens  out  and  forms  a  wide  pool,  and  its  width  is  not 
s^in  contracted  on  this  division,  and  wherever  there  ie  any  blafi-rock  bank  the  canal 
can  be  furmod  in  the  bed  of  the  river  and  the  etuhaokmenC-slope  protected,  whick  ie 
duDS  at  several  places  on  this  division. 

ProTiaion  is  made  for  feeding  the  canal  jnst  below  the  month  of  Indian  Creek  by  a 
itia  bailt  across  the  river  just  above  the  Island  at  this  place.  The  grade-line  of  the 
c»ital  being  placed  at  the  same  elevation  as  the  bed  of  the  river,  a  dam  12  feet  high 
Kill  give  the  pool  of  the  dam  a  surface  7  feet  higher  than  the  surlace  of  the  water  m 
Ihe  canal.  This  place  being  considered  a  pronjiaeat  point  for  tbe  shipment  of  lumber 
and  iTon-ores,  I  have  incladed  in  the  estimates  of  tbis  division  a  guard-lock  of  16 
fe«l  lift.  Including  the  back-water  that  woald  be  formed  in  Indian  Creek,  this 
i^rvoir  would,  in  addition,  be  very  valuable  aa  a  harbor  foi  boats  and  as  a  shipping 

The  canal  ieled  into  the  rivet  just  above  the  mouth  of  Dnnbar  Creek,  and  just  after 
pauingonderthe  Fayette  County  Branch  Railroad,  for  which  purpose  a  span  of  bridge 
^ill  be  required.    To  conform  to  the  other  bridge-structures  ou  this  branch,  I  have  ea- 
tinsted  for  a  wooden  Howe  truss  of  80  feet  clear  span. 
BSTIMATR. 

119,230  cubic  yants  earth-excavation,  at  20  cents  823,846  00 

23i,760cobie  yards  rock-ejcavation,  at  $1 235,760  OU 

[>K,130  cubic  yards  eoi  ban  km  en  t,  (borrowed,)  at  35  cents 204,Ws  50 

500  cubic  yards  culvert-arch  masoury,  at  $12.50 6,250  00 

;50  eubic  yards  onlvort-ioasoDry,  at  $6 6,000  00 

5-10  cubic  yards  on! vert-paving,  at  ?2.60 1,325  00 

17,130  cnbic  yards  slope-protection,  at  |1.&0 25,695  00 

One  lock  of  12  feet  lift,  on  rock 32,945  00 

One  lock  of  14  feet  lift,  on  rock 38,350  60 

Three  locks  of  16  feet  bft,  2on  rock  and  1  on  platform 136,400  00 

One  lock  of  16  feet  lift,  (Indian  Crock  reservoir) 48,800  00 

Ow  Rowe-trnas  railroad-bridge,  90  feet  length 2,250  00 

600  cubic  yards  abntment-masonry  foi  bridge,  at  $10 6,000  00 

lOondationi  and  eicavation .. .... ......,,. 1,2.50  00 

Five  drain  Me-sloicea  and  waste-welrs 14,000  00 

Fanu-Toad  bridge 1,500  00 

Hve  and  one-h^f  miles  grubbing  and  clearing,  at  8400 2,200  00 

Tventy  acres  land-damage,  at  S5D 1,000  00 

Engineering  Boperintendence 6,500  00 


798,366  50 

SUMMARY  OP  LINK  VU   Wni'S  CBEEK. 

Sommit-leTel }7, 957, 416  50 

Eailmard  from  (uNtmlf. 

East  end  of  snmmit-level  lo  Southampton  level ,       Smiles 51,115,152  50 

Boulhampton  level  to  Bridgeport 6.45  miles 1,418,323  60 

Bridgeport  to  Cook's  Mills,. 5.44  miles 386,810  00 

Coats  Mills  to  Cumberland 6.54  miles 2,220,318  50 


S.43miles 5,140,604  50 

,,  i,C^(.K")'^lc 
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We»lward  fiom  niMMft. 

Heyeredale  to  Garrett 4.39iuil«« 9453,861  60 

Garrett  to  MioentlPoiDt T.TSmilea 84S,7&U  50 

UineroJ  Point  to  Caaaelmaii 3.90tnilea 339,040  00 

Caa«elinan  to  Finkerton  TDDuel 4^iiitlea 451,496  00 

Piakerton  Tnnael  to  CoQflueDce 11.44  oiUm 1,356,406  50 

Thirt7-*6Tentli  level 2.27  mile« 483,564  50 

Confluesce  to  Ohio  Pvla 9.18  mU«« 1,562,491  00 

Ohio  I^le  to  Indian  Creek 9.30  mile* 1,786,793  75 

loduui  Creek  to  DaobarCreek 6.48  mIIm 79(9,366  50 

Tot»Ifor 58.51  mile* 8,078,774  35 

FIKAL  BUMMABT. 

Snmmit-leTel .■ $7,957,416  50 

East  from  Bammlt-level  to  Cnmbeiiand 5, 140  604  50 

West  bom  summit-level  to  DnnbuCraek 8,076,774  25 

Grand  total 41,176,795  25 

The  followin){  table  will  be  nsefal  for  reference : 
!nible  q/ dUUmtet  and  eleMUmu  of  variotu  pi>imti  OH  Oie  lint  tif  tht  prapoiai  txtattum  of  Hit 
Chetaptakt  and  Ohio  Canal,  fiom  Cvmberiaad  to  Pittabargb,  by  tcay  of  WUti  Cretk. 


Place. 

Remuki. 

o.oa 

ud  Ohio  (fusl. 
EMt  end  o/  ■ '  Narrow.  "  of  WIU'*  Croek . 

fl*ilM 
AM.  00 
5«.«0 
915.00 

i.osolOO 

i;  334  56 

1.S9S.»I 

1,M0.00 
1,  Mi.  00 

a,  moo 

iH«l8.00 
lloSSLDO 
i;  910. 00 

ts 

1,  71T.  50 

1:ES! 
!;SiS! 

1,31X90 

i,90«.e« 

1,003.31 

858.  K 

era.  15 

811t.» 
18LB1 

Topormlter-BilL 

SnrCum  of  tratei  in  WIU'.  Creek. 

SallrDadtruk  mt  depot. 

Rallmad  gnde. 

1|  mlle<  »uth  of  cuol-liue. 

33. « 

MeyeraflnlB.  moutb  gf  FUoghertj 

Sarfaoe  of  CHUemu  Biver. 

«.a2 

Girrell  StatfoD,  monVhoirBiitMa  Cneli. 
Mmersi  Point,  month  of  Coi-*  Creek.... 

aoo  feet  above. 

59.  T* 

»^Hm.«mnti-l>ri4Ke 

Surfaoe  ofCaetleau  River  vaier  bridge. 

«7.W 

Jonstlon  of  Cwtletnui  ud  TimgUQ- 

bektirWbite'a  Creek. 

bridge. 
Snrface  of  Tonghloghens. 

95.0* 

Do. 

IS^^ 

DHwson,  montb  of  DlcktnKin  Ban 

lAorel  )«uUaB,  month  of  LaanI  Ban... 

Do. 
Do. 

lo&so 

Lsfkoi,  moaib  of  WMhiactaa'*  Bnn  . . . 

SURVEY  UP  THE  KORTH  BRANCH  OF  THK  POTOMAC, 

Tba  fint  Burve;  of  this  rout«  was  nuide  in  1823  by  Maj.  J.  J.  Abert,  Corps  of  Topo- 
lEnipbical  Enjj^neers,  as  a  part  of  the  route  for  cArryioK  the  canal  across  the  mountaiua 
Hi  the  YoaehioKbeny  by  way  of  Savage  Elver  and  Deep  Creek.  A  sabsequent  ezami- 
latioD  of  the  Will's  Creek  rente  Bhowins  that  route  to  be  much  tbe  more  favorable  of 
the  two,  it  haa  alwaja  been  considered  Iks  route  for  taking  tbe  canal  over  tbe  monnt- 
■iuB.  The  sectioD  from  Cnmberlaod  to  Savage  Biver  baa,  however,  been  i^nerally 
thoneht  a  deaintble  exteaaion  of  tbe  oanal  in  order  to  reach  the  cool' fields  of  Oeorge's 
Creek,  even  thoagh  the  main  canal  were  bailt  on  the  Will'a  Creek  roato. 

Tbe  pTcaent  sorvey  was  began  on  the  16th  of  August,  at  themoutb  of  Savage  Kivei, 
■nil  completed  at  Camberland  on  the  24tb  of  Ootober.  An  approximate  loeatioD  of  the 
line  of  the  canal  has  been  made  along  the  left  bank  of  the  North  Branch,  occasioaally 
occopying  the  bed  of  the  river  for  xhort  diatancea,  such  occupancy  of  the  river  being 
raiued  by  the  centignity  of  the  Baltimore  and  Obio  Sallruad,  the  embankment-alopea 
of  vbioh  reach  into  the  river  at  theae  places. 

At  each  of  the  places  where  the  bed  of  the  river  bas  been  taken  for  the  body  of  the 
canal,  a  new  channel  has  been  made  for  the  river  on  tbe  right.  The  general  manuer  of 
(loiag  this  has  been  to  build  tbe  tow-path  embankment  in  the  river  at  such  a  distance 
from  the  alopes  of  the  rail  road -embank  men  (a  aa  to  provide  the  necessary  width  of 
sUer-surface  for  the  canal,  and  to  remove  enough  of  the  opposite  bank  to  sivo  t 
proper  width  of  channel  for  the  river.  The  grade-line  of  (he  canal,  which,  in  this  re- 
port, alwaya  means  its  bottom,  and  ia  referred  to  low-tide  at  Georgetown,  is,  Id  all 
these  caies,  put  above  the  ordinary  aurfoce  of  tbe  river  in  order  to  economize  ia  mak- 
ing the  canal  on  the  bottom-landa,  on  to  which  the  grade-line  reachea  from  the  river- 
pools.  Thia  elevation  of  the  grade-line  does  not  increase  the  expenae  at  these  placee, 
[or  the  reason  that,  in  any  event,  the  embanliment,  which  serves  as  h>w-path  and 
Eutrd-wall,  must  be  made  high  enoagh  to  protect  the  canal  from  floods,  and  the  height 
Ihns  necMsitated  ia  usnally  greater  than  would  otherwise  be  required  for  the  oanal. 

The  material  borrowed  &om  the  oppoaite  bank  is  used  to  form  tbe  tow-path  embaok- 
meat ;  but,  oa  a  rule,  the  material  needed  for  this  purpose  is  greater  than  that  requited 
for  enlarging  the  channel,  and  then  the  additional  quantity  Is  obtained  by  a  farther 
irideuing  of  the  river-channel.  In  these  cases  tbe  tow-path  enibankmeots  are  troai  15 
Id  20  feet  high,  and  their  river-slopes  are  protected  from  injury  by  a  facing  of  stone. 
The  rivBr-bMl  le  occnpied  in  this  manner  at  fonrt«en  places,  which  will  be  deaorlbad 
in  the  explanations  of  the  estimatea. 

The  distance  from  Camberland  to  tbe  month  of  Savage  River  is  30}  miles,  bnt  tbe 
canal  will  not  be  so  long  as  this,  for  the  reason  that  it  enters  the  river  at  the  head  of 
Ihe  back-water  from  the  reservoir-pool  which  feeds  the  completed  canal  at  Cambei- 
lind.  The  canal  is  thus  shortened  1.8  miles.  A  much  shorter  line  could  hare  been  had 
^j  croasiug  the  river  ssven  or  eight  times  with  aquedunta,  but  the  expenae  of  ooDStrao- 
lioD  won  Id  have  been  greatly  increased. 

Aqueducts  are  tbe  weak  pointa  in  a  canal,  and  as  tjielr  number  is  increased,  the 
chaaces  of  serious  injnry  from  floods  are  increased  in  the  same  proportion.  When 
^neducts  are  nsed  to  carry  the  canal  over  the  main  streams,  they  must  be  built  high 
euough  to  put  the  body  of  the  canal  above  the  higbeat  Sooda ;  this  generally  entails  a 
heary  expense  in  the  conatructian  of  high  embaukments  to  support  the  canal  acroaa 
the  low  grounds  to  and  from  tbe  aqueducts.  From  the  nature  uf  these  high  embaok- 
uients,  the  loss  through  them  by  seepage  is  greater  than  at  other  places  in  the  canal. 

If  many  aqneducta  are  nsed  on  the  line  of  the  canal,  its  bottom  ia  kept  at  a  hicher 
elevation  with  reference  to  the  general  surface  of  the  valley  in  which  it  lies  than 
voalil  otherwise  be  necessary,  and  this  eleTation  of  tbe  water-prism  of  the  canal  in- 
creases Ibe  seepage  through  the  banks,  and  entails  fteqnent  i:\jiiry  by  leaks  uid 
breaks. 

If  the  line  of  the  canal  can  be  kept  coutinnotialy  on  one  side  of  the  main  stream  fol- 
iowed,  it  can  be  laid  as  low  as  may  be  desirable,  and,  except  vrbeo  a  lateral  stream  ot 
ralley  is  to  be  crossed,  can  senerally  be  formed  by  excavating  the  depth  of  tbe  canal 
below  the  aurface  of  the  valley,  it  being  generally  possible  to  arrange  the  locks  for  tbla 
parpoae.  This  method  of  conatructian  confines  the  water  of  the  canal  within  banks 
nfaiidistnrbed  material,  and  tbt  lossea  by  breaks  and  leaks  are  considerably  decreased. 
The  water  of  the  canal  being  at  a  low  height  above  the  average  surfitoe  of  the  a^ia- 
ccat  river,  the  loss  by  filtradon  may  be  also  said  to  be  reduoed  to  a  minimnm.  When 
Ihe  canal  is  thus  laid  on  a  low-grade  line,  many  of  the  lateral  streams  are  crossed  so 
near  the  level  of  their  beds  that  they  may  be  made  to  empty  directly  into  the  canal, 
vhicb  in  snch  cases  generally  forms  a  pool  of  back-water  at  their  months,  by  which 
the  force  of  their  carrenta,  when  in  flood,  is  broken,  and  in  which  are  deposited  the 
fuib  ami  detritua  brought  down  from  above,  so  that  they  do  not  reach  the  bed  of  the 
raoal.  Id  this  manner  these  streams  may  contribute  considerable  quantities  of  wa^ 
toH-ard  repjenisbing  tbe  ordinary  losses  of  the  canal. 

The  larger  lateral  streama,  generally  having  high  banks  with  considerable  width  be* 
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tneeu  them,  cannot,  as  a  rule,  be  thus  crossed,  luad  culverts  or  iiqueductB  tnoat  l>e  used 
to  carry  tlie  c&ual  over  them,  thng  caDsing  weak  points  in  the  line.  When  the  line  of 
the  ciuial  can  be  laid  on  a  grade  line  below  the  natural  sDrfsce,  as  joBt  described,  tlie 
posiCious  of  the  locka  are  generally  indicated  by  the  natural  featares  of  the  groand, 
and  they  can  uenaltj  be  placed  on  aecare  fonndations. 

These  en  □  Bid  era  t  ions,  with  others  of  minor  importance,  are  here  indicated  as  those 
which  controlled  the  location  of  the  line  of  the  canal  made  by  this  sarvey. 

F  COST  OF  THE  KXTEMSIOS  TO  SAVAOB  KH-ER. 


This  extension  is  planned  to  have  the  same  dimensions  as  the  cODiplet«d  canal,  which 
are  60  feet  width  of  water-surface,  3j  feet  of  bottom  width,  and  G  feet  depth  of  <water. 
The  loclcs  are  100  feet  long  between  the  gates  and  15  feet  wide,  and  have  a  aniforoi 
lift  of  8  feet 

A  few  of  the  lochs  will  be  foonded  on  solid  rock,  and  the  others  will  be  bnilt  on 
platforms  of  two  courses  of  squareil  timbers  covered  with  a  flooring  of  plank  3^  incbes 
in  thickness,  or  on  concrete,  or  a  combination  of  the  two  methods  will  be  used.  A  look 
of  the  oidinaiy  type  is  estimated  to  cost  $19,900  when  built  on  a  rock  fnnndation,  aud 
^,750  when  built  on  timber,  including  in  each  cose  a  house  for  the  lock-tender,  with 
10  per  cent.  proBt  to  contractor.  Waste- weirs  to  be  built  in  combination  with  draiu- 
age-sluices  are  estimated  for  on  appropriate  levels.  The  drain  ace-sluice  is  formed  by 
a  wall  of  masonry  of  A  feet  thickness  in  which  are  two  openiuRS  4  by  4  feot,  to  be  closeil 
with  iron  gatessliding  in  iron  guides,  and  raised  by  means  of  ratchet  and  pinions.  Thia 
drain age-sluiee  is  on  tlie  same  plan  as  proposed  for  the  Will's  Creek  estension.  The 
waste-weir  is  to  be  btiilt  on  each  side  of  this  sluice  so  as  to  provide  a  width  of  over- 
flow of  100  feet,  and  it  is  to  be  well  paved  with  stone  to  prevent  wash,  The  cost  of 
this  structure  is  estimated  at  ^2,500.  Substantial  bridgiM  are  estimated  far  to  pass 
State,  conutj,  aud  farm  roads  over  the  canal.  They  are  to  be  made  of  wood  and  sup- 
ported on  stone  abutments.  The  clear  width  between  the  abutment  on  the  bena  aud 
the  tow-path  is  45  feot.  Wherever  these  bridges  could  be  put  over  the  tail-bay  of  a 
lock  they  iiave  been  so  placed  for  considerations  of  economy  in  the  length  of  spaa  and 
quantity  of  masonry.  Their  cost  varies  with  their  localities  aud  their  poaitiooa  iu 
relation  to  the  locks. 

There  is  a  notable  absence  of  large  streams  entering  the  river  from  the  left  aide, 
there  being  none  that  cannot  be  passed  bj  ordinary  culverts  of  from  6  to  13  feet  epau. 
George's  Creek  is  received  into  the  pool  made  by  a  dam  in  the  river  at  Piedmont. 

Wherever  the  line  of  the  canal  has  heen  laid  on  flat-bottom  lands,  the  grade  of  tLe 
bottom  of  the  canal  has  been  put  low  enough  to  keep  the  canal  mainly  in  excavation. 
The  economic  depth  of  the  grade-line  helow  the  surface,  that  the  excavation  may  fur- 
nish earth  enough  to  form  the  banks,  ia  about  3|  feet.  If  the  canal  is  cut  helow  the 
surface  to  a  less  depth  than  3^  feet,  the  dcGciency  in  the  quantity  needed  to  form  the 
tow-path  and  berm  embankments  must  he  borrowed  from  adjacent  lands,  which  may 
cause  considerable  damage,  while,  on  the  other  hand,  if  the  grade-line  is  at  a  greater 
depth  below  the  snrface  than  3|  feet,  the  surplus  earth  may  be  used  to  advantage  in 
making  the  tow-path  higher  above  tlie  water-surface  than  the  3  feet  assumed  ia  the 
normal  crosa-section,  thus  securing  more  favorable  conditions  of  draught  for  the  animala 
towing  the  boats.  If  the  canal  is  placed  all  in  cutting,  the  conditions  for  holding  the 
water  will  be  better  than  when  it  is  in  part  or  wholly  in  embankment.  For  this  reason 
even  Hmall  embankments  nnder  the  bottom  grade-line  have  been  avoided  in  the  tlat 
lands.  (See  proflle-sheets  Nob.  3,  4,  &c.)  This  method  results  favorably  in  placing 
the  locks  deeper  in  the  ground,  rendering  them  more  secure. 

No  provision  is  made  for  feeding  the  North  Branch  extension  except  atitsnpuer  end, 
near  the  month  of  Savage  River.  By  the  method  of  construction  adopted  at  the 
mouth  of  Savage  River,  a  large  reservoir  pool  will  be  formed,  extending  abont  a  half 
a  mile  up  both  the  North  Branch  and  Savage  River,  into  which  boats  may  enter  h; 
the  feeder  lock. 

The  line  has  been  divided  into  characteristic  sections  the  better  to  present  the 
estimate. 


A  dam  IB  placed  across  the  North  Branch  600  feet  below  the  month  of  Savage  River, 

which  is  to  have  ao  ordinary  lock  at  its  north  end,  and  a  high  abutment  with  winf^s 
at  the  BoaUi  end.  This  dam  is  to  be  built  with  a  body  of  masonry,  filled  in  ou  the 
upper  aide  with  rock  and  sand  to  a  slope  of  1  on  2|.  The  look  is  to  be  high  enough  to 
act  as  a  guard-lock  when  the  river  is  in  flood.  (See  profile-sheet  No.  I,  section  at 
statioD  21.)  The  North  Branch  makes  here  so  sharp  a  bend  that  it  is  designed  to 
provide  a  new  channel  for  it  to  the  right  of  the  dam,  cutting  off  a  portion  of 
the  bend.      (See  map,  sheet   No.  1.)     A  weir  or  dam  will   be  placed  at  the  upper 
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end  of  tLie  cli&aiiel,  with  its  crest'  at  abont  the  same  elevation  cts  the  oreat  of 
the  dua  in  the  stream  be'ow,  bo  that  in  the  ordinary  stages  of  the  rirer  its  eutire 
lioir  will  paw  down  to  the  look  for  dhb,  but  wheo  the  river  is  in  flood  it«  surplus  water 
B-Ilt  flow  over  the  weir  int^  the  new  ohanael,  and  the  dam  and  lock  will  be  relieved  of 
tts  pressnre  and  danfcer  of  iojury  from  this  surplus.  The  surplus  of  the  Savage  River 
Kben  it  is  in  flood  will,  however,  pass  oval  the  dam  at  the  look.  Heaco  the  necasMtv 
of  ■  Knard-lock  at  the  dam.  A.  gnard-baDk  will  be  formed  between  the  new  cbannu 
and  llie  river  from  the  material  taken  frooi  the  new  chanaeL  Its  cost  will  be  covered 
by  the  price  of  the  excavation  of  the  new  channel. 

From  the  dam  to  the  head  of  the  race-way  leading  to  the  pool  of  Hon.  H.  G.  Davis's 
ssir-iijilU, «  distance  of  2,900  feet,  the  canal  is  formed  b;  building  the  tow-pattt  em- 
liaakment  in  the  bed  of  the  river,  which  is  shallow,  aud  by  oonfluioK  the  canal  against 
tti«  slope  of  the  hill  on  the  left  bank.  This  embankment  is  hieh  enough  to  protect  the 
canal  from  overflow  by  ri  ver-flomis,  and  is  to  be  protected  by  a  stone  facing.  The 
^ster  part  of  the  material  for  this  embankment  will  be  taken  from  the  new  channel, 
to  be  made  on  the  opposite  side  of  the  river  to  provide  room  for  floods. 

Lock  No.  2  is  at  the  head  of  th^  race-way,  aad  Ko.  3  isaj  the  lower  end  of  the  pool. 
Between  these  locks  the  canal  occupies  the  race-way  and  a  part  of  the  pool  used  for 
floating  logs  to  the  saw-mill.  The  pintioa  of  the  canal  in  the  pool  U  to  be  formed  by 
bDildiiig  an  embankment  for  the  tow-patb,  and  confining  the  canal  against  the  opposite 
ilojeoflhehill.    (See  profile-sheet  Mo  1.) 

There  is  a  "bear-trap"  gate  at  the  head  of  this  race-way  to  regulate  the  feeding  of 
™al«r  into  the  pool.  In  consequence  of  this  occupancy  of  the  race-way  and  pool,  and 
of  the  distorbance  of  the  boom  ia  the  river  at  the  head  of  the  race-way,  a  new  race- 
way iDd  an  enlargement  of  the  pond  must  be  made  to  repair  the  damage.  A  low  dam 
tJioold  be  made  across  the  river  just  below  the  head  of  the  new  race-way,  the  more 
eSectoally  to  restore  the  co.]ditians  disturbed  by  the  construction  of  the  canal.  The 
material  excavated  in  enlarging  the  pool  nill  be  needed  to  form  the  tow-path. 

Thence  for  a  distance  of  2,000  frel:  the  canal  lies  on  favorable  ground,  and  drops  into 
the  river  just  above  Piedmont.  Lock  No.  5  is  placed  in  the  river-bank,  and  through  it 
boats  iciifpass  into  the  river.  An  embankment  extending  to  the  lock  from  the  lower 
end  of  the  island  just  above  serves  as  a  gnnrd-bank  and  tow-path.  This  embankipent 
■ill  be  contiuned  up-stream  along  the  island,  ard  cross  to  the  left  hank  of  the  river,  in 
wiletto  protect  the  canal-bank  from  injury  during  doc  Is.  Prom  look  No.  &  to  lock 
Ko.  6.  which  is  at  the  road-bridge  between  Piedinont  and  Weetercport,  the  river  ia 
occupied  by  the  canal.  It  does  not  see-n  possible  satisfactorily  toavoidthisoccnpancy 
of  the  river.  The  line  conld  bo  carried  over  the  river  from  near  look  No.  i,  and  thence 
Ihronab  Piedmont,  crossing  the  river  again  just  below  the  town,  and  after  traversing 
the  island  crossing  the  other  channel  of  the  river  to  the  left  bank.  This  route  wonld 
rwinire  three  expensive  aquedncta,  and  entail  heavy  laid  aud  p-operty  damage  in 
Piedmont,  besides  seriously  interfering  with  the  property  and  operations  of  the  Balti- 
more aod  Ohio  Railroad. 

The  plan  recommended  for  passing  Piedmont  is  to  occupy  the  river  to  the  Weatam- 
port  bridge,  making  a  pool  by  a  low  dam,  tlie  position  of  which  is  shown  on  sheet  No. 
1:  this  bridge  would  have'to  he  removed  and  placed  over  the  dani,  so  that  the  West- 
rt  end  wnnld  cross  the  tail- bay  of  lock  No.  6.  The  track  and  bridge  of  the  Cum- 
id  and  Pennsylvania  Railroad,  which  crosses  the  river  just  above  the  Western- 
poil  bridge,  being  too  low  to  permit  boata  to  pass  under  it,  (see  sketch  of  bridge  on 

giliie-aheet  No.  1^)  could  he  changed  in  location  to  cros^  the  canal  and  river  just  below 
k  Ko.  6,  by  bringiug  the  rood  along  the  foot  of  the  slope  on  the  east  side  ot  Westem- 
port,  and  laying  it  through  that  part  of  Fieiimout  east  of  Ashfleld  street.  Lock  No.  S 
noDld  be  built  as  a  guard-lock,  and  its  walls  could  bear  the  road-bridge,  but  not  thd 
wlmail-bridge,  for  the  reason  that  the  shocks  of  passing  trains  would  injure  the  walls 
of  the  lock.  The  cost  of  changing  the  railroad  location  and  removing  the  bridges 
nonld  not  bo  very  great,  nor  the  property  damages  excessive,  unless  the  Cumberland 
ind  Pennsylvania  Railroad  sbonld  be  adjudged  heavy  damages.  'J'he  damage  to  this 
railmad  wonld  be  very  small  compared  with  that  which  would  bo  dor  e  to  the  Baltimore 
scd  Ohio  Railroad  if  the  alteruative  line  through  Piedmont  were  chosen. 

A  ton- -path  embankment  is  to  be  made  on  the  Icfc  side  of  the  river  against  the  slope 
of  ibe  bill,  between  lock  No.  Fi  and  the  rood-bridge  opposite  the  Baltimore  aud  Ohio 
Railroad  shops.  A  tow-path  crossing-bridge  would  he  put  across  the  tail-bay  of  lock 
N'o-  i,  to  bring  the  low-path  from  the  right  to  the  left  side  of  the  canal,  and  a  tow-path 
I'ndge  added  on  the  upper  aide  of  the  lood-bridge  juat  below,  so  as  to  reach  the  Pied- 
■Bant  side  of  the  river,  it  being  very  costly  to  pass  along  the  left  bank  between  the 
nwd-bridge  and  the  railroad-hridgp.  The  tow-path  will  follow  along  the  right  bank 
(4  the  river  to  the  new  position  of  the  We»ternport  bridge,  and  then  cross  the  river 
>long  the  upper  aide  of  Uie  bridge  to  lock  No,  6,  where  it  would  again  change  to  the 
righi  ude  of  the  lock,  and  thence  follow  the  embankment  to  be  built  in  the  channel 
below  to  form  the  canal  between  it  and  the  natural  bank. 
This  plan  for  pasaiug  Piedmont  establishes  a  much  better  condition  fur  operating    , 
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the  c&nal  than  could  be  atUiued  bj  paesiog  tbrougb  tbe  ton-u  Ly  Ibe  sttte  of  the  Bal- 
timoit)  and  OLia  Kailraail.  Kcferring  to  tCe  map  aod  profile,  it  irill  be  obserred  tbat 
the  reference  of  tbe  low  nnter  of  tbe  river  oppoflite  lock  No.  4  is  921.56.  To  cross  thid 
by  an  ao'ieduct  woald  require  the  grade  of  the  botUim  of  tbe  caa&l  to  be  from  16  to  10 
leet  biKDer,  ir iking  its refereoce  about  339.00.  To  make  this  oroBsing  tbe  canal  would 
be  earned  over  ou  the  level  that  begins  at  look  No.  3,  which  has  for  its  bottom  refer- 
cTice  939.00.  This  is  6  feet  higher  thau  tbe  enrface  at  station  60.  (See  profile-Bbeet  So. 
1.)  A.irv  ning  tbe  ieferr:ice  of  the  rirer  at  tbe  crossing  below  the  town  to  be  90S.0I), 
Which  is  that  of  the  ooirespondiog  point  at  station  115,  (see  map  No.  1,)  and  allowing 
fis  before  an  addition  □''18  feet  for  tbe  reference  of  tbe  grade  of  the  canal,  we  b:  ve  for 
its  refe"enoe  920.00.  This  difference  of  grade  between  the  two  crossings  woi<1d  require 
twolocksofSlfeet  lift  each,  to  be  placed  in  the  town.  The  first  of  these  locks,  wbich 
wonld  be  No.  3  of  the  oanal,  coold  be  placed  in  continnatiou  of  tbe  aqueduct  at  tbe 
npper  crossing,  and  the  other  (No.  4)  at  tbe  opper  end  of  the  lower  aqueduct,  and  the 
aqueducts  conld  then  be  narrowed  to  a  width  of  18  or  30  feet. 

To  carry  the  canal  across  tbe  channel  on  the  left  side  of  the  island  at  the  same  rela- 
tive elevation  with  the  river  as  before,  a  lock  (No.  5)  wonld  be  required  on  the  island. 
The  crossing  of  this  channel  by  an  aqneduct  can  be  avoided  by  closlDg  it  by  a  high 
dam  at  the  head  of  the  island,  and  carrying  the  oanal  across  by  an  embankment.  This 
wonld  lower  the  grsde-line-so  as  to  allow  two  locks  (Nos.  5  and  6)  to  be  placed  on  the 
Island.  The  reference  of  tbe  bottom  of  tbe  canal  below  lock  No.  6,  at  station  130, 
voDld  be  603.00,  locks  Nos.  5  and  G  being  each  of  8  feet  lift.  An  additional  lock  wonld 
be  needed  between  stations  130  and  IfiO  to  bring  the  grade  of  the  canal  to  the  best 
condition  for  cheap  construction  below  lock  No.  9,  bnt  this  would  reduce  tbe  present 
well-airanged  intervals  between  locks  6,  7,  S,  and  9. 

The  jailroad-ti  jcks  in  Piedmont  are  very  nearly,  if  not  quite,  on  the  natural  aurfaoe, 
and  aaaamiDg  lock  No.  3  to  be  placed  at  tbe  end  of  the  upper  aqnednct,  the  depth  of 
tt^e  bottom  M  the  canal  would  be  not  more  than  three  or  four  feet  below  the  snrfaoe, 
or  if  a  lO-Coot  UfC-lock  were  nsed,  as  is  shown  for  look  No.  3  on  the  profile,  tbe  depth 
wonld  be  i^ia  five  to  six  feet  below  the  surface.  It  is  thus  apparent  that  tbe  canal 
\Toaldhaveto  be  provided  with  turning-bridges  to  accommodate  so  many  railroad - 
tracV^  and  street-crossings  as  wonld  be  required  to  serve  the  railroad  companies  and 
tbe  town.  As  all  the  space  between  tbe  railroad-shops  and  tbe  main  tine  of  tbe  Balti- 
more and  Ohio  Euitroaa  is  covered  with  traclcs,  this  location  may  certainly  be  consid- 
ered impracticable. 

ESnMATB. 

The  section  from  the  mouth  of  Savage  Eiver  to  lock  No.  G,  a  distance  of  1.84  miles,  is 
estimated  to  cost  as  follows: 

Lock  and  dam  near  mouth  of  Savage  River,  with  contlneencies j|S8,X0  00 

Dum  at  upper  end  of  new  channel  far  turning  the  river,  (North  Brancb)...  17,650  DO 
£6,565  cubic  yards  of  tow-path  embankment  between  look  No.  3  and  dam, 

SS,2S0  cublic  yards  of  channel-eTcavatioi,  at  30  cents 6,666  00 

6,S75oubioyardsof  slope-protection  abore  lock  No.  2,  at  S1.50 10,31!  50 

112.770  cnbie  yards  of  embankment,  to  ff-path,  &&,  at  60  cents 56^385  00 

51,900  cubic  yards  of  earth-eTcavation,  at  20  cents 10,380  00 

2,000cnbioyardsof  rook-excavation,  at  81 8,000  00 

8,750  cubic  yards  of  slope-protection,  at  $2.25 19,687  50 

5  locks,  No.  6  being  a  gnaid-lock ,  126,000  00 

Drainage-aluioe  and  waats-weir ,. 2,500  OO 

Dam  across  river,  crib-work  at  Davis  Milla 6,000  00 

Road-bridge  over  lock  No.  3 700  00 

Tow-path  bridge  at  lock  No.  5 300  00 

Tow-path  bridge  added  to  road- bridge 500  00 

Dam  at  Piedmont 23,900  00 

Changing  line  of  Cumberland  and  Pennsylvania  Railroad  and  moving 

bridge  to  lock  No.  6 23,000  00 

Moving  Piedmont  and  Westernport  bridge 4,350  00 

Damages  in  Piedmont  on  account  of  Cumberland  and  PeuDBvlvania  Rail- 
road   10,000  00 

Tow-path  bridge  on  upper  aide  of  rojd-bridge 1,250  00 

Special  damages  in  Piedmont...... , ........ 3,000  00 

Special  damagee  in  Westernport 2,500  00 

Total  for  1.84  miles 418,313  50 

Average  cost  per  mile 837,344  S9 
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FROM    n'ESTERKFORT  BRIDOE  TO   LOCK   KO.  9,  1.10   MILES. 

Tbe  canal  ift  coatioaeit  below  lock  No.  6,  by  making  a  tow-path  and  K^^'^l-amliBDlc- 
mtnl  from  thn  end  of  th«  look  to  the  island,  and  continnine  tbis  embankment  along 
the  left  lide  of  the  Uland,  occnpjine  the  left  channel  for  the  canal.  This  wonld  be 
mccii  leM  expensive  tban  bailditiK  tae  tow-path  in  the  bed  of  the  channel  n>  form  the 
caDal  against  tbe  leftbank.wbiohishighandstaep.  (See  section  140,  profile- sheet  No. 
i.)  Tbe  tow-patfa  and  ){;nard-embankment  wontd  now  lie  in  the  bed  of  the  river,  which 
19  sbailow  firom  the  island  to  tbe  head  of  the  old  mlU-raoe  at  station  160,  where  the 
canal-line  leavea  tbe  river,  turning  to  the  left  on  to  flat  bottom-land. 

ESTIMATE. 
This  section  will  cost  as  follows : 

61.300  onbio  jarda  embankment,  (tow-path,)  at  50  cento $30,650  00 

5,760  CD  bio  varda  slope-protection,  at  ^i 11,530  00 

Three  looks  on  rook  fonndation,  at  120,000 60,000  00 

Three  hoasea  for  lock-keepers" S,400  00 

On«  diainage;Blnice  and  waate-weit — 2,500  00 

Total  for  1.10  miles 107,070  00 

Average  cost  per  mile 97,336  36 

If  iostead  of  extending  tbe  caoal  to  Savage  Biver,  Weaternport  (which  Is  at  tbe 
hue  of  the  Oeot^e's  Creek  coal-field)  is  made  its  objective  point,  the  two  sections 
jut  described  coald  be  dispensed  wiui  and  tbe  canal  terminated  at  look  Ko.  9.  By 
tbii  plan  a  section  that  is  both  expensive  and  troobleeome  to  navigate  would  be 
sroided. 

If  tbe  canal  were  terminated  at  look  No.  9,  the  Cnmberland  and  Pennsylvantt  Bail- 
load  could  be  extended  to  the  canal  along  the  left  bank  of  the  left-hand  channel,  and 
debrercoal  at  the  basin  and  wharves  that  wonld  be  made  on  the  low  grooud  Jnst 
below  this  look.  This  railroad  was  bnilt  in  the  interest  of  the  ooal-minas,  and  the  <'oal- 
trsfflo  is  its  main  bosiness.  Tbe  extension  of  the  canal  to  Bloomingrton,  at  the  month 
ol  SsraKe  River,  is  a  matter  of  no  importance,  eioept  as  a  part  of  the  9avu;e  Biver 
route  for  the  extension  of  tbe  canal  across  the  monntaina,  on  whioh  I  reported  in  Jan- 
0117,1874,  unless  It  shonld  be  found  practicable  to  provide  an  extension  into  theapper 
valiay  of  the  North  Branch  to  the  eitensive  coal-flelds  of  that  region.  If  this  upper 
Tille;  sboold,  bonever,  be  improved  by  a  railroad  built  to  connect  with  the  oanal,  then 
it  wonld,  in  my  opinion,  be  preferable  to  make  this  connection  below  Piedmont.  There 
art,  honeTer,  three  coal-mining  coQcemg  in  full  operation  aliove  Piedmont,  the  Hamp- 
drire  mines,  the  Tirgiuia  mines,  and  that  of  Mr.  William  A.  Brydon.  The  flrst-Tiamed 
niDas  are  above  Bluoiuinitton,  on  tbe  North  Branch,  the  second  below  Bloomington, 
■od  tbe  last  is  Jost  atwve  Bloomington  on  the  Savage. 

FBOM  I.OCK   no.  9  TO    19,  OPPOSITR   EBYSEB,   4.17   MILEfi. 

Vor  a  distance  of  one  and  a  quarter  miles  below  lock  No.  9,  reaching  to  Stony  Ban, 
the  line  is  laid  over  low,  flat  ground,  most  favorable  for  cheapness  of  oonstmction.  A 
boldrockypoint  is  passed  jost  below  Stooy  Ran  (aee  proflle-sheet  No.  2,  section  et  sta- 
tion 140)  by  building  the  tow-path  in  the  river,  aa  previonsly  described,  for  a  distance 
of  1,350  feet,  after  wnich  the  fine  tarns  to  the  left  on  level  bottom-lands  for  a  die- 
tsoce  of  1.1  mUes,  with  tbe  most  favorable  conditions  of  cost  in  oonstrnction.  The 
caoal  then  lies  along  a  slate-rook  bluff,  (see  profile-sheet  Ko.  2,  section  at  station 
tS4,)  which  is  to  be  passed  by  a  tow-path  and  gnard-embankment  for  a  dlstaoce  of 
iWOO  (eet ;  it  then  follows  along  the  left  bank  of  tbe  river  ou  geuorally  favorable 
grooDd,  passing  occasinoally  along  the  face  of  short  slate-rock  blaSs,  and  now  and 
then  occnpiee  a  high-water  cbaiinel  of  the  river,  with  a  high  tow-path  bank  to  form 
the  canal  and  to  saard  against  floods,  (See  section  on  proQle-sheet  No.  3. )  There  is 
no  notable  obstacle  on  this  section.  An  alternative  Hne,1ying  on  higher  ground  to  tbe 
left,  was  examined  between  stations  360  and  38S.  The  general  profile  was  favorable 
ind  the  line  was  well  snpported,  but  the  descent  was  too  rapid  at  tbe  lower  end  near 
Kejser,  crowding  the  locks  into  very  short  intervals.  Its  outline  is  shown  on  profile- 
■heet  No.  3.  A  Iioe  connecting  with  tbis  higher  line  was  rnn  across  the  ridge  opposite 
Styier,  which  could  have  connected  with  toe  main  line  at  station  519  by  a  plane,  or 
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This  sectiou  ia  estimated  to  cost  as  followa : 
135,500  cabiojaTdaeartb-ezcavHtioD,  at  20  cents fi27,10O  00 

7,500  cabic  faids  rock-excavation,  at  gl 7,600  00 

356,000  cnblo  yards  embaokment,  (Imrrowed,)  at  30  cents 76,800  00 

ISiSOO  cubic  yards  Blope-protectioH,  at  $2.50 '. 38,750  00 

350  cobic  yards  arch-oalvert  nmsonry,  at  $10 ^500  00 

Ten  lod» 218,250  00 

Sis  dralna|:;e-sluicea  and  naste-weirs 15,000  00 

Four  cor-it;  and  farm  road  bridges  over  tail-bays  of  locks 3,200  00 

Two  miles  grubbing  and  clearing,  at  8300 60O  00 

Sixty  ociMS  laod-dauiage,  at  ^ 1,500  00 

Total  for  <.17  miles 391,200  00 

Average  cost  psr  mile 93,812  94 

FROM   LOCK   NO.  19,  AT  REYSBR,  TO  LOCK   KO.   53,  ONB  ASD   ONE-EiaHTH   MILRS  ABOVE 
BAWLIKGS'S  GTAT10>-  ON  THX  BALTIMORE  AND  OHIO  KAILROAU,  6.9  MILB3. 

For  some  distance  above  as  well  as  below  lock  No.  19  tbe  canal  is  formed  in  an  old 

bed  of  the  river  by  making  tbe  tow-patli  embankment  on  tbe  high  ground  to  the  rietit, 
conflnlDg  tbe  water  aeainst  the  opposite  binff.  (See  prodle-sheet  No.  3,  tection  at  &4.) 
The  diflicnlt  high-rock  point  opposite  Keyser  is  passed  by  a  tow-patb  goard-embank- 
ment  to  be  bailt  in  tbe  river,  at  sbown  by  section  at  394,  proBle-sheet  No.  3.  Tbe  canal 
theo  lies  over  bottoa-lamls,  toncjiing,  however,  a  rock-oliff  at  section  43U  so  close  to 
tlte  river  as  to  require  a  stone  facing  to  tbe  embankment  (see  section  at  440,  sheet  No. 
3)  nntil  the  railroad-bridge  is  reached  at  station  470. 

The  canal  is  passed  nnder  tbis  bridge  by  placing  a  lock  at  station  4^,  lowering  the 
erade-line  to  the  level  of  the  river,  and  occupying  the  stream  for  a  distance  of  1,100 
leet.  (See  section  at  478,  sheet  No.  4.)  There  is  room  under  the  railroad-bridge  for 
both  canal  and  river,  bat  additional  water-way  should  be  provided  for  the  river  by 
another  span  sf  bridge  on  the  right.  This  bridge,  which  is  known  as  No.  21,  carries 
two  tracks.  Tbe  river-channel  should  be  widened  as  shown  by  the  brown  shading  oa 
sheet  4.  The  line  then  turns  to  the  left  away  from  the  river,  aod  Lies  over  bottom- 
lands for  a  distance  of  2j  miles,  with  long  levels  and'eicellent  conditions.  (Seeproiile- 
sbeet  No.  4,  upper  line.) 

Below  lock  26  the  canal  is  laid  alongside  of  the  Baltimore  and  Ohio  Railroad,  partly 
by  using  a  tow-path  and  gtiard-eiubanknient  and  partly  in  cutting  on  a  terrace.  At 
the  island  near  station  653  the  channel  to  the  right  is  widened  for  the  river.  The  river 
is  ocoopied  here  for  a  distance  of  half  a  mile.  The  line  thence  ties  for  a  distance  of  S 
miles  over  fine  bottom-lands,  well  known  in  this  section  of  tbe  country  as  the  "  Black- 
Oak  Bottom,"  They  average  something  more  than  half  a  mile  in  width  by  2  miles 
in  leogth.  Pro&le-aueet  No.  4,  lower  profile-line,  shows  how  favorably  these  2  m  ilea 
are  passed  by  three  locks,  with  fnll-depth  cuts  for  long  distances.  From  station  785  to 
V05  tbe  river  is  again  occnnied  for  the  canal  by  a  tow-path  and  guard-embankment  in 
tbe  river,  tbe  earth  for  wbicb  is  to  be  taken  from  the  opposite  hank  to  widen  the  river. 
(See  sheet  No.  7  and  profile-sheet  No.  4,  section  at  800.)  Thence  the  line  lies  over 
tbvorable  bottom-lands  for  a  distance  of  1  mile,  to  the  end  of  this  section.  (See  pro- 
file-sheet No.  5.) 

KSTIMATB. 

The  eGtimatcd  cost  of  this  section  is  as  follows : 

372,310  cubic  yards  earth-escavation,  at  20  cents ^74.462  00 

2a3,:(50  cubic  yards  embankment,  (borrowed,)  at  45  cents 100,507  50 

73,040  cubic  yards  embankment,  at,  30  cents 21,912.00 

17,4^  cublo  yards  slope-protection,  at  63.50 43,712  50 

Thirteen  locks  of  8  feet  hft,  at  §23,750 308,750  00 

Twelve  drainsge-shiices  and  waste-weirs 30,000  00 

One  county -road  bridge 1,500  00 

Seven  farm-road  bridges  at  lochs,  at  $300 5,600  00 

Two  form-road  bridges,  at  81.500 3,000  00 

One  hundred  and  thirty  acres  of  land-damages,  at  $50 6,500  00 

Special  damages 800  00 

Two  iron  truss-bridges,  spans  of  85  feet,  at  $50 8,500  00 

1,200  cubic  yards  lindge-masonry.atSlO 12,000  00 

t'onndation  of  one  abutment 4,750  00 

Contingencies  of  bridge-work,  10  per  cent 3,000  00 

Total  for  8.9  miles 623,994  00 

Average  oost  per  mile 70,111  6d 
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FSOM  LOCK  KO.  32  TO  SRADY'S  UILI.  STATION,  8.16  MILES. 

Jnnbeloir  iMkNo.  3S  the  dodbI  enten  the  bed  of  the  river,  whioh  is  occnpied  for  a 
djataacc  of  1,600  feet  by  meaas  of  a  tow-path  and  gnard-embankmeDt,  the  rock-Hlope 
of  the  railiOBjd  reaching  iato  the  river.  Tbe  uHaal  widening  of  the  obannel  for  the 
liTCT  ig  made  on  the  right.  The  line  then  tnmH  to  the  left  from  the  river,  and  lies  for 
a  diitwM  of  4  miles  over  low  bottom-lands,  with  the  nenal  favorable  oonditiona  for 
noDomic  coustmction.  A  portion  of  this  distance  is  over  the  fine  bottom  at  Bawlinga'a 
Stition.  Three  or  fonr  small  streama  are  crossed  reqairing  calverte.  (Bee  profile-sheet 
Ko.  5,  loeke  Nos.  32  to  36.)  Tlie  canal  now  again  takes  possession  of  the  riverat  the  oross' 
ingof  the  Winohester  Pike,  at  which  place  a  stream  is  crossed  requiring  a  culvert,  and 
Tiuiavithe  railroad  slope  for  a  distance  of  3,^M)0  feet,  with  tbe  nsnal  tow-path  and 
gnud'eiDbankment  and  enlargement  of  the  river-channel  on  the  right,  and  then  lies 
in  a  small  channel  of  the  river  close  under  a  steep  rock-blnff  for  a  ^rther  distance  of 
i^  feet,  whence  it  tnrns  to  the  left  on  to  the  bottom-lands.  In  the  last-mentioned  die- 
twice  the  left  bank  of  the  adj*oent  island  ia  to  be  occapied  by  the  tow-path  embank- 
nKut.    (gee  section  1137,  profile-sheet  No.  5.) 

TIB  Winchester  Pike  (so  called)  is  a  well-graded  dirt-road,  crossing  the  river  at 
station  1090  of  the  canal-line.  The  road  formerly  oroeeed  the  river  by  a  troee-bridge, 
•bich  hu  been  destroyed,  leaving  the  abntraents  in  a  ruined  condition.  The  river  is 
!>o*cTMBedby  fording,  the  road  passing  under  the  railioad-bridge  at  this  place,  which 
lilong  eoongh  to  give  room  for  both  stream  and  road.  The  grade  of  the  oanal  is  too 
Ion  to  admit  of  the  pike  being  passed  nnder  it,  and  therefore  it  mnst  be  carried  over 
the  canal  in  the  ordinary  way.  Tbe  railroad  company  has  provided  for  permitting  the 
nad  to  cross  its  track  to  the  bridge  over  the  river  shoold  it  be  rebnilt,  and  the  grade 
of  the  canal  is  low  enongh  to  admit  the  floor  of  this  bridge  to  be  pot  on  a  level  with 
1b«  tailtoad-track.  Kstimate  is  made  for  an  additional  bridge-abntment,  so  as  to  pro- 
ride  for  a  span  of  bridge  to  reach  over  the  canal  to  the  abutment  of  the  old  bridge. 

Tbe  grade-lino  of  the  canal  at  the  last  occupancy  of  tbe  river  is  put  at  a  greater 
npght  above  the  water-snrface  than  nsual,  for  tho  porpose  of  turning  the  lineaway  from 
tbe  river  as  soon  as  could  t>e  done  without  excessive  cutting  below  tbe  surface.  A 
trikl-line  on  ■  higher  grade  was  mn  with  an  expectation  of  getting  through  the  point 
beloir  UcKenzie's  on  tbe  dotted  line  shown  on  sheet  No.  9.  On  the  line  adopted,  lock 
Ko,  37  could  be  placed  at  station  1130,  but  it  would  cause  deep  cutting  from  station 
IK4  to  IITO,  (see  proGle-sheet  No.  ti,)  which  could  t>e  avoided  by  laying  tbe  line  more 
W  tbe  right  at  the  point  of  leaving'the  river ;  which,  however,  adds  to  its  length.  Two 
uueavere  mn  and  leveled  around  this  point,  which  resulted  in  tbe  adoption  of  the 
pment  line. 

If  tbe  dotted  line  were  followed,  a  deep  cnt,  portly  in  rock,  woold  be  required,  while 
lu  diilance  gained  over  the  present  line  would  be  only  abont  1,000  feet. 

Fanhir  time  could  not  be  given  to  this  examination.  From  McKenzie's  Point  tbe 
line  liH  over  very  favorable  bottom-lands  to  station  1815,  (see  profile-sheet  No.  6,) 
liom  irbich  point  the  canal  is  again  formed  in  tbe  river  in  the  usual  manner  alongside 
of  'be  railroad  embankment,  which  is  built  of  the  rock  eicavated  from  the  blnff. 

The  canal  is  kept  in  the  river  fur  a  distance  of  6,000  feet,  (nearly  one  and  one-seventh 
■■iles,)  l,ax)  feet  of  this  distance  being  in  an  island  channel.  The  proposed  widening 
Mihe  river-channel  is  shown  by  the  usual  shading,  (see  sheet  No.  10.)  Thence  to 
Brtdj's  Mills,  (station  129!,)  a  distance  of  1,800  feet,  the  lioe  lies  on  flat  ground. 
Bndf 's  Hills  have  long  been  destroyed,  and  the  dam  built  for  their  nse  has  nearly  dis- 
appeared, tbe  mill-race  shown  on  the  map  being  no  longer  of  any  valae.  It  does  not 
"^aire  to  be  crossed  by  an  arch. 

ESTIMATR. 

fbis  seclioD  is  estimated  to  cost  as  follows ; 

"j^"-^  cubic  yards  earth-excavation,  at  20  cents 854,  li>8  00 

1^370  cubic  yards  embankment,  (borrowed,)  at  30  cents 3,711  00 

Jw.530  cubic  yards  embankinent,  at  45  cents 1H2,936  GO 

*lWt  cubic  yards  slope-protection,  at  12.50 ; 54,750  00 

iJix locks,  8  feet  hft,l  of' 6  and  1  of  7  feet 186,400  OU 

«0  cubic  yards  cnlvert-maeonry,  at  110 3,600  00 

Fonndations  for  culvert,  on  rock 150  00 

Seven  dr^nage-slDices  and  woste-weirs 17,500  00 

^cuhio  yards  abntmeut-masonry  for  Winchester  Pike,  at  SIO 3.350  00 

Fonndstion  fbr  abntment 300  00 

Fum-road  croaeing  at  Kawlings's 1,500  00 

a»en  farm-rood  crossings 9,700  00 

^iDcheateT-road- crossing 500  00 

One  hundred  and  twenty  acres  land-damages,  at  £50 6,000  00 

Total  for  8.16  miles 623,557  50 

Average  cost  per  mile &1,.109  08 


VROM    BBADV'S 

At  BTsdj^s  millB  the  line  lies  close  to  a  hlgb  rock  blaff,  and  cnts  deeoly  into  it,  In 
order  to  reach  the  bottom-lftDds  JaBtbeloiT.  (See  profil»4hoet  No,  6.)  Tbeae  bottoni- 
lands  extend  along  the  liae  for  a  dUtaaee  of  1  mile,  with  fkvoTable  oondilioiM  of  ooil 
in  conatiaotioQ. 

Warrior  Run,  t 

was  paased    at    Plouuiuui.,    m  viunmu    ouuuii    uuc-uoii    luim    miu--     umj  D  luu'ii.       uuv- 

No.  39  iH  placed  below  the  oroMtngjfor  the  pnrpOM  of  paasinK  tbe  OT«ek  nud«c  tbe 
eanal  by  an  arch-onlvert  of  30  ftet  span.  If  U  sbonld  be  desirable  to  feed  the  oaool 
frooi  thiB  stream,  it  oonid  readily  be  aeeomplisbed  by  moviag  thia  lock  back  to  near 
atatioD  1310,  forming  a  pool  in  Uiehedof  the  ma,  into  which  it  would  empty  without 
detriment  to  the  oaual. 

At  a  diBtanoe  of  IJ  miles  below  Brady's  HillB  the  oaoal  is  again  laid  in  the 
river  for  a  distance  of  l.SOO  feet,  with  a  tow-path  and  gnard-embankment  oa  tbe 
right,  the  river  being  widened  on  the  opposite  bank,  as  has  been  preTionsly  done 
in  BQoh  oages.  Pasaing  out  from  the  nver  to  the  left,  the  canal  lies  over  reiy 
favorable  bottom-landfl  for  a  distanoe  of  3.7  miles.  Here  it  finally  enters  the  river  by 
a  gnard-lock  of  I'i  feet  lift,  at  the  head  of  the  nwerroir-pool  that  feeds  tbe  completed 
canal  at  Cumberland.  This  leservoir  ia  aied  as  a  basin  lot  the  shipment  of  oo^  at  the 
whaiveB  of  the  Maryland  Coal  Company,  being  connected  with  the  terminal  level  of 
Ibe  canal  by  a  lift-lock  which  ia  also  a  gaard-look.  The  depth  of  water  in  the  pool  at 
the  place  where  the  canal  is  broagtat  into  the  river  ieTfeet,  and  it  Js  not  less  than  this 
at  any  point  alons  the  left  bank  or  elsewhere  below  the  end  of  the  oonal. 

Wmte  the  can^  practically  enda  at  the  head  of  the  reBervoir-pool,  yet  a  tow-path 
must  be  provided  dong  the  left  bank  of  the  river  to  the  ooBl-wbarveu,  a  distaooe  of 
142  miles.  The  tow-path  will  be  changed  from  the  right  to  the  left  Bide  of  the  canal 
by  a  bridge  over  the  tail-bay  of  tbe  last  lock,  (No.  34,)  which  is  placed  Juet  at  the  point 
where  the  oanal  enters  the  river.  (See  sheet  No.  12.}  Thence  the  tow-path  mnst  be 
made  by  an  embankment  agaiuat  the  railroad  slope  for  a  distance  of  1,400  feet.  (See 
section  at  1325,  proSle-sheet  No.  7.)  The  eu-th  for  this  embankment  can  be  taken 
from  the  island  at  the  head  of  the  reservoir-pool  b;  flat-boats,  the  island  being  nseli  ss 
for  cultivation.  Theie  will  be  no  difficulty  in  making  the  remainder  of  the  tow-path, 
as  the  natural  anriace  is  about  at  high-watw  line.  't'Be  hank  is  covered  with  a  growth 
of  )iage  trees. 

A  special  study  will  be  required  to  determine  the  proper  way  to  make  the  tow-path 
in  front  of  the  wharves  so  as  not  to  interfere  with  the  bnaineas  done  there.  Aa  the 
condition  of  our  canal  will  be  quit«  the  same  as  that  of  the  main  canal  when  we  have 
brought  it  to  these  wfaatvea,  further  consideration  of  the  subject  may  be  neglected  for 
the  present.  Estimate  is  made  for  raising  the  tow-path  above  hifrh  water  between  the 
ooal-wharv«H  and  the  tow-path  brid^  across  Will's  Creek ;  and  also  for  protecting  the 
river-bank  with  stone  along  the  entire  distance  frvm  tbe  end  of  the  oanal  to  the  ooal- 
wharvee. 

ESTIM4TE. 

This  section  is  estimated  t«  oo^  aa  follows : 

220,465  onbio  yards  eorth-sxcavation,  at  ao  cents $44,093  00 

11,285  onbio  yards  rock-excavation,  at  (l 11,2%  00 

6,770  onbio  yards  embankment,  (borrowed,}  at  30  cents 2,631  00 

64,465 cnbic  yards  embankment,  (tow-path,}  at  60  cents. 38,679  00 

19,500  cubic  yards  riprap  protection  for  river  slope,  at  $1.50 29,250  00 

Four  looks  (8  feet  lift)  and  guard-lock 123,750  00 

216  cubic  yards  culvert  arch-masonry,  at  $12.50 2,700  00 

286  cubic  yards  culvert  masonry,  at  (S 3.288  00 

150  cubic  yards  paring  culvert,  at  $3 450  00 

Foundation  of  culvert 150  00 

Four  drainage  sluices  and  waste-weirs.... , .. . ........  10,000  00 

One  county-road  crossing  .......... ..... ......... 1,800  00 

Rve  ftrm-road  crossings 7,500  00 

Tow-path  bridge  at  lock  34 500  00 

Clearing  river-bank 1,500  00 

£ighty  acres  land-damages,  at  $50 4, 000  00 

Total  for  6.13  miles 230,576  00 

Aveiagecoet  per  mile 45,808  33 
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EEC  APITC  LATIOK. 

Bloomiiigton  to  Piedmont 1.94  miles  . 

PiMlniont  lo  slatiou  100 1. 10  miles  . 

Station  160  to  KevBer 4.17  miles  , 

Eejsar  to  KawlingB's a90  milei  , 

Eawlings's  to  Brady's  UillB 8.16  miles  . 

Kradj'a  Mills  to  Cumberland G.  13  milea  . 

Engioeeriag  soperiatendence,  3  per  cent 


S418,:il3  60 
107,070  00 
391,200  00 
623,994  00 
B23,5S7  50 
SeO,576  00 
-  70,341  33 

2,*lb,0Ba  33 


TaiU  tf  iManta  and  elevalioM  o/  vaHotu  pobiU  on  0ie  Hue  t^  Ike  pnpMtd  aelcnaion  of  the 
f'tempetke  and  OSUt  Canal  front  CumWlnul  lo  PilMur^h,  bp  tea)  of  Ike  Xorlh  Brandt 
a/  llK  Folontac  otuf  Socage  Bicrr. 
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K«r  Sillsbnry. 

C4M1enuii  n  tnoath  ot  Flaogbcrt}' 

Twenty  maps  Will's  Creek  rt_._ 

Twenty-one  profiles  Will's  Creek  ronte. 

Twenty  special  maps  (appendix  sheets)  Will's  Creek  route. 

Thirteen  field-maps  Mortb  Branch  route. 

Seven  field  profiles  North  Branch  nmte. 

Sixteen  plans  of  stractares. 

I  regret  that  the  limited  firnds  at  my  disposal  did  not  permit  me  to  make  as  finished 
tpips  and  profiles  of  the  North  Brancb  ronte  as  I  oonld  nave  desired.  Those  heiawith 
forwBidad  are  the  field  maps  and  profiles  which,  thotigh  Micnrate,  are  somewhat  ixingb 
jQ  tppeaninc«.  The  eihanstion  of  the  fnnda  of  the  Horre;  made  it  impracticable  to 
OiTe  them  redrttwu. 

Tbs  plans  of  etrnotare  inalode  set-en  designs  for  flqnedact  bridges  on  the  Will's 
Cnd  ronte,  and  also  the  following,  viz : 

IMgn  fbr  a  look  of  8  feet  lifl. 

Design  for  a  lock  of  16  feet  lift. 

ptawing  of  lock-gate  now  in  use  on  Chesapeake  and  Ohio  Canal. 

Inclined  plauu  on  Horris  and  Essex  Canal ;  drawings  of  plane,  carriage,  flame,  tar- 
™s  and  engina-bonse,  and  pnllej-wbeels. 

^gn  for  a  drainage-gate. 

ftsign  for  a  Cum-I^dge. 
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Drawing  of  oanal-boat  now  in  ose  on  the  Chesapeake  and  Ohio  Caoal. 
Tbe  appendix  attached  h>  this  report  indicates  the  manoer  in  which  the  prices 
adopted  foi  trunel  and  abaft  excavation  were  determined. 
Bespeetf all;  submitted. 


Id  the  Neaqnehoning  tnnnel,  CortxiD  Connty,  Fenusjlvania,  as  perpaperof  J.  Datton 
Steele,  membeT  American  Society  CiviE  EDgineera,  the  beading  was  dnven  in  the  cod- 

Stomerate  rock  at  the  rate  of  100  linear  feet  per  fall  month,  and  in  the  red  shales,  IGO 
Mt  per  month.  The  work  in  the  conglomerate  rock  lasted  twelve  months,  and  in  the 
red  Bhalea  two  months.  The  average  progress  made  in  widening  the  tnnnel,  the  head- 
ing being  in  the  middle  of  the  bottom  of  the  section,  daring  eight  months'  working  in 
the  coal-meBsurea  and  two  months  in  the  conglomerate,  was  166  feet  per  fall  month,  or 
5.53  feet  per  day,  and  for  the  heading  3^  feet  per  da;  in  the  ooaglomerate,  and  5i  feet 
per  day  in  the  red  shale. 

The  snmmit-tannel  of  the  Chesapeake  and  Ohio  Canal  exteusion  will  be  la  very  sim- 
ilar kind  of  rook,  and  the  rale  of  dail;  progress  ie  not  dependent  on  the  area  of  the 
tiinnel-seotion,  although  it  may  be  readily  comprehended  that  the  tannel  of  larger  sec- 
tions oonld,  with  the  same  proportional  number  of  laborers,  be  driven  somewhat  faster 
than  the  BmHller  one,  becanse  of  the  greater  air-space  and  working-room,  and  the  rais- 
ing of  a  greater  qaantity  of  excavated  rock  with  about  the  same  oharacter  and  scale 
of  machinery. 

Tbe  progress  in  tbe  Hoosac  tnnnel  was  tl6  and  162  feet  per  month ;  and  a  monthl; 
average  Ijjr  three  months  of  150  feet,  or  5  feet  per  day. 

PreBnodng  that  when  tbe  rock  is  solid  and  fonns  a  Belf-sapporting  roof,  a  greater 
daily  progress  can  be  made  thaa  in  vaiying  qnalities  of  rock,  where  the  roof  must  be 
snpported  as  the  work  progresses,  (reqniring  a  ^eater  number  of  laborers  for  the  aanie 
size  of  tnnnel,  and  caasing  many  delays,)  we  will  assume  that  oar  canal-tannel  cod  be 
driven  at  the  rate  of  3i  feet  per  day  at  each  face,  or  IW)  feet  per  month,  or  1,206  feet 
^r  year.  (The  average  of  the  daily  progress  mode  at  the  Nesquehoning  tannel  is  4-^ 
leet  per  da  v.) 

The  shafts  ahonld  be  larger  than  is  nsnal,  becaase  they  wonld  be  nsed  so  long  a  time 
in  raising  the  excavated  rook  from  the  tunnel,  ftnd  for  lowering  the  arching  and  liniug 
material,  <&o.  They  should  be  arranged  with  two  compartments,  one  for  hoisting  and 
lowering,  and  one  ior  pumping  water  and  blowing  air  into  the  tunnel.  This  arrauge- 
ment  wonld  require  a  section  for  eioavation  of  shaft  10  by  20  feet,  giving  a  qoantity 
of  (10'  X  20'  X  700')  5,185  cubic  yards  for  the  shaft  of  700  feet  depth. 

The  measure  of  time  for  completing  the  tannel  may  be  said  to  depend  on  the  time 
necessary  to  complete  the  western-approoeh  cut,  which  is  7,100  feet  in  length,  and 
contains  i^fiOO  cubic  yards  of  eatth^xcavation  and  280,000  cubic  yards  of  rock-exca- 
vation. This  work  beiog  open  cutting,  a  very  large  force  oonld  be  kept  at  work  on 
several  lifts  or  faces  at  once.  It  Is  quite  plain  that  this  approach  and  the  700'foot 
shaft  shonld  be  completed  in  the  same  time.  If  two  years  be  allotted  to  these  excava- 
tions, we  shall  have  to  take  30,625  cubic  yards  from  the  approach  each  month,  aad 
from  the  shaft  ^uite  nearly  216  cubic  yafdp  per  month,  or  8^  per  day,  oonsideriag 
twenty-six  working  days  per  tnoath.  This  requires  the  shaft  to  be  sunk  li  feet  per 
day.  Considering  the  oonflned  space  in  which  the  work  mast  be  done,  and  that  the 
laborers  must  be  raised  to  the  top  of  the  tnnnel  every  time  a  blast  in  the  rock  is  ex- 
ploded, this  rate  of  progress  is  a  fair  average. 

Tbe  lining  of  the  sh^Cs  with  &ames  of  10  by  10  inch  timber,  placed  G  feet  from  cen- 
ter to  center,  and  sheatbed  with  S-iuch  plank,  would  cost,  at  $50  per  thousand  foet, 
$9,690.  This  sum,  divided  by  the  total  amount  of  shaft'excavation,  gives  an  additional 
cost  for  lining  of  $1.91  per  cubic  yard  excavated.  No  charge  is  made  for  lowering  the 
timbers  of  the  lining,  as  the  entire  cost  of  the  hoisting-machinery  has  been  taken 
into  account  in  raisiug  the  excavated  material  of  the  tunnel. 

COST  OF  EXCATATIN6  TUNNEL.- 
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qnuititf  of  powder  tiMil  nna  3  poandB  por  cubic  yard  in  tbe  cnuglomerate  rock,  aud 
i^  pooods  in  tbe  ehales,  giviDg  an  average  of  SI  poDuds  per  cabic  yard.  One  niao  can 
diili  8  feet  of  holes  id  one  day,  and  one  man  sbonid  break  up  foe  loading  on  to  oars, 
remove  from  the  blsstinc  afd  load,  say,  3  cubic  yards  per  day,  and  patting  labor  at 
$1.50  per  day,  we  bare  (or  the  cost  thns  far  of  one  cnbic  yard  of  material  excavated 
in  widening,  as  follows,  taking  ronnd  numbers : 

Drilling*  feet  of  blast-hole 60  75 

SlpoandBof  powder  at  16  cents 41 

Uiading  and  tamping,  say  half  an  hour,  ^  day 07  j 

Hoving,  breaking,  and  loading,  i  day &0 

Oil  for  lights,  smithing,  and  attendance 10 

PtoportioDBte  cost  of  foreman :    If  3  feet  be  taken  out  per  day — l(i2  cubic 
yaids— foreman  (3.50  per  day 01^ 

Som  of  Items 1  88 

Add  W  per  cent,  profll 19 

2  07 
COST  OF  nEiDHG, 
Tbe  headings  in  the  same  tonnel  were  8  feet  high  by  16  feet  iride,  anil  were  driven 
■t  a  rate  of  100  feet  per  month  in  the  conglomerate  rock,  and  160  feet  per  month  iu 
the  Bbale,  an  average  of  lliO  feet  per  monm.  The  holes  drilled  per  cnbic  yard  in  the 
rangloiuerate  were  11  foet  linear,  and  in  the  red  shale  6}  feet,  an  average  of  81,  and  Wia 
powder  averased  Sponnds  per  cubic  yard.  Making  an  allowance  fur  moving,  breaking, 
and  loading  <M  one-half  a  day's  labor  for  each  yard,  we  have  for  cost  of  excavAting 
liaading  per  cubic  yard,  as  follows: 

Drillinegfeet,  linear,  of  holee,!!  days,  at  ?1.50 S*  86 

.'iponnds  of  powder  at  16  cents SO 

Loading  holes,  tampinr,  and  lost  time  f  of  an  hour 11 

Having,  breaking,  and  loading  rock  |  day . . ...  ....        75 

Oil  for  lights,  smithing,  Ac ■. 15 

Proportion  of  foreman,  (I'j,}  taking  15  yards  from  heading  per  day,  $2.50 17 

i^nmof  ilems , 4  23    - 

Add  10  per  cent,  profit « 

Cost  of  beading  per  cable  yard 4  65 

T0T41.  COST  or  KXCAVATIOS. 
Tbs  section  of  onr  tnnnel  is  54  onbio  yards  per  each  linear  foot,  and  a  heading  C  feet 
high  by  I!  feet  wide  gives  an  area  of  'H  cubic  yards  per  linear  foot,  and  if  three  head- 
ioga  were  worked  at  the  same  time,  the  sectional  area  being  so  large,  then  the  heading 
area  would  be  H  cubic  yards  per  linear  foot,  leaving  46  cnbic  yards  of  widening  per 
linear  foot,  and  averaging  these  portions  of  the  area,  wa  get — 

f  cnbic  yards  of  heading,  at  S4.65 8-^  20 

<6  cnbic  jards  of  widening,  at  ja.O? 95  22 

ly  cnbic  yards  of  tunnel-excavation,  at  S2.43i 132  48 

Averaging  ^.45  per  cable  yard. 

MOVIKG   UATERUL  TO  SBAFTB. 

Hauling  the  excavated  rock  in  the  tnunel  from  tbe  working  face  bo  the  boisting- 
•hifis  will  co«t  OS  follows,  based  on  tbe  use  of  a  portable  tramway  and  cars  carrying 
nne  cnbic  yard,  which  will  weigh,  as  an  average  of  sandstone,  shale,  &o.,  Ik  tons. 
Titing  the  average  distance  of  the  longest  banl  in  the  western  section  of  the  tnnnel, 
«B  shall  have  2,100  feet  quite  nearly.  Although  we  have  ooniidered  the  praotieabilit* 
^driving  the  faces  of  the  tunnel  at  a  rate  of  3t  feet  per  day,  yet,  as  two  full  tnnnel- 
«c»B  will  d^ver  their  d^frrii  of  material  at  each  shaft,  it  would  require  S  cubic  yards  t« 
»  raised  for  eacb  five  minutes  (bi  twenty-foor  honrs — a  heavy  duty.  Presuming  for 
tbe  present  that  tbe  t^  tunnel-section  will  be  driven  at  a  rate  of  2  teat  per  day,  and 
jUowing  an  increase  in  bulk  of  50  per  cent,,  there  will  be  162  onbic  yards  moved  daUy 
ftoia  one  face.  Using  a  good  tramway  and  allowing  one  horse  to  draw  two  oars,  and 
■nske  a  round-trip  of2,600  feet  iu  half  an  hour,  there  would  be  81  trips  per  day,  or  less 
tbin  one  horse  conld  move  at  4  yards  per  hour,  and  this  wonid  require  but  4  cars  to  do 
the  work.  We  will  take,  however,  6  cars,  and  provide  3  horses  for  8-hour  shifts.  We 
"ill  also  consider  a  double-track  tramway  as  necessary  for  efficient  working,an  equip- 
siBnt  that  woold  do  tbe  work  of  hauling  if  the  tunnel-face  should  be  driven  3  feet  per 
day,  Tbe  time  for  wbieh  this  eqnipmeat  will  be  required  will  be  taken  at  5  y.ears.  In 
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order  to  ttverage  nil  the  aectioDB  of  the  tonnel,  and  to  renew  a  portion  of  tlie  equip- 
ment each  jear,  with  iatereat  on  oatlay.     We  tben  bave — 

4,S00  linear  feet  portable  traclcat  75  centa (3,150  00 

100  linear  feet  portable  track  extra  at  efaaft,  at  75  cents 75  00 

6car8,attl00 <iOO  00 

3  horses  or  mnlea,  at  J150 '. 450  00 

3  sets  bameas,  at  190 60  00 

Shoeing  horses  each  three  weeks,  at  11 910  00 

Seoewal  and  lepairoof  track  in  fivejears 1,000  00 

1  horse  each  year,  4  at  (150 600  00 

1  aet  hameHe  each  vear,  at  $20 f»  00 

Repairs  to  ears  each  yew,  at  tlOO 500  00 

Snniof  items  of  capital 6,725  00 

Interest  at  6 per  cent. for 5  years,... 2,017  50 

Valne  of  capital  in  five  years 6,742  50 

Valne  of  capital  for  1  year  of  300  days 1,748  50 

YaJne  of  capital  fori  day,  (300) 5  S3 

which  is  the  daily  erpenae  of  capital  invested. 

The  other  daily  expenses  are :  three  diirers,  horae-foraf[e,  stabling,  and  proportion 
of  foreman's  iragea. 

Three  drivers,  at  81  per  day |3  00 

Fbrage  for  3  horses,  at  50  cents 150 

Proportion  of  stable,  hostler,  oaring  for  iti  horaes,  at  (1.50 121 

Stablins,  cost  for  13  horses  5  years,  300  days 121 

Oil  for  uunps,  and  lamps,  oars,  &c 05 

One-tenth  portion  of  foreman's  w^;es,  at  |2.50. 25 

DaUy  valnsof  capital  invested... , 5  t$3 

Snmof  items  of  daily  cost 10  ad 

for  moving  163  cvbio  yards  of  lock,  eqnal  to  $0.0673,  or  6[  cents  per  cnbio  yard. 
Riiaraa  the  material  at  thb  shafts, 
The  wagons  need  in  the  tnnnel  are  presQmed  to  be  so  bnilt  as  to  be  ran  on  to  a  engo 
or  platform  at  the  Itottom  of  the  shaft,  on  which  tbay  can  be  raise<l  to  the  top  of  the 
shaft  by  the  usual  arranfjemonts  of  steam  hoistinji-engine  at  any  given  rate,  say  700 
feet  in  one  and  a  half  minntes ;  two  platforms  to  be  used,  one  deaoending  while  the 
other  ascends,  so  aa  to  raise  two  wagons,  2  cnbio  yards,  each  five  minutes,  one  minnte 
being  taken  at  the  bottom  to  toad,  and  one  minnte  at  the  top  to  move  off  the  loaded 
car  to  be  replaced  by  an  empty  one.  As  there  are  162  cnbio  yards  to  be  teJcea  fiom 
each  of  two  facee,  there  are  324  cubic  yards  to  be  raised  daily.  If  eight  minutes  were 
occupied  in  raising  two  cars,  Soubio  yards,  the  work  would  oonsn  me  nearly  twenty -two 
hours,  leaving  two  hours  for  lowering  and  raising  the  lal>orera  to  and  from  their  work, 
the  animals  to  remain  always  below.  Putting  the  weight  of  the  car  at  1,000  pounds, 
and  the  platform,  on  which  it  ia  to  be  raised,  at  760  pounds,  and  700  feet  of  steal-wire 
tope  at  1,000  pounds,  gives  a  load  of  5,000  pounds  to  t>e  raised,  say  4  feet  per  second, 
gives  20,000  footi-pounda — requiring,  say,  a  40  horse-power  engine.  The  investment  of 
capital  in  hoisting-machinery  and  acoesaories  will  lie  as  follows,  for  seven  years,  to  be 
nsed  two  years  on  the  shaft : 

Hoist i □  g-engin e,  oomplete ^,500  00 

Transportation  of  same 100  00 

1,500  feet  Bteel-wire  rope,  at50oent8 750  00 

Two  platforms,  at  J75  each 150  00 

Honsefor  machinery,  {arbitrary) 2,500  00 

Setting  and  adJisting  machinery 1.000  00 

Boilers, complete,  (grates,  stacks,  &c.) 2,500  00 

Transportatltm 75  00 

Setting 500  00 

Fittings,  pipes,  tto 300  00 

HonaeforboiloiB..... 1,250  00 

New  material  and  repairs 1,000  00 

Sam  of  itemaof  capital ,.—.  14, 6*,^  00 

Yearly  valne  of  capital,  (300 days) ,.., , 2,089  30 

Annoal  interest  »n  capital .r——r S77  50 

Yearly  valne  of  capital  and  interest 2,966  SO 

Daily  value  of  capital 9  S9 
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Tbe  items  of  daily  coat  of  openttiiig  the  hoJatiog-iuaokineTy  for  tiro  shafts-sn — 

!  enf^De-men,  st$i |4  06* 

ifiramen,  M  81.50 3  00 

iliborersattopofsUaft,  ftt  Jl.50 3  OO 

2  men  at  bottom  of  cluUt,  at  81.50 3  OO 

3  hoiws  to  tftke  cars  at  anrfaoe,  doily  value  aa  oapitals  wttli  renewals 75 

Forasepf  3  horse*  and  afaoelntr,  at  60  centa 1  50 

itoni  coal  for  fuel,  at  KM..., 9  OO 

Oil,  If  Bate,  and  •DDOrie* 60 

Daily  value  of  capital B  S» 

Sam  of  items  of  duly  expense  for  raising  394  enbio  yards  of  tnaterlal....  34.  64 
k  ctnt  of  10.7  cents  per  oalito  yard. 
Cost  per  cubic  yaid  of  pumping: 
1  deep-mine  pomp 8450  OO 

1  30 borse-power  engioe S,550  OO 

Tran^ortatJoD .*. 30  00 

SOOlBet  3-inch  pipe,  at  81.30 1,0*0  OO- 

.lObone-powor  boiler 1,100  00 

Gettii^boilecaDdastiirea 600  00 

Pitminfor  pomp,  &c 150  00 

Hooufbr  boilers.  &o 81.250  OO 

K««  material  and  repairs  In  seven  years... 1,000  00 

Samol  items  of  capital 8,070  OO 

Vmly  value  of  capital 1,152  B7 

Ann ul  interest  on  capital 484  30 

ioDnal  value  of  capital,  (300  days) 1,637  07 

Iklly  valae  of  capital a  46 

The  daily  cost  of  operKting  the  pumping  macbiuery  ia  as  foUowii : 
S  engine-men,  at  8S 8^  OO' 

2  firemen,  at  8150 3  OO 

a  tona  eoal-fael,  at  84.50 9  OO 

Oil,  waste,  and  anndriea 50 

Daityvalne  of  capital 5  46 

Sam  of  iteme  of  dmlf  cost 21  9G 

Tberefore  the  cost  for  pnmpiog  nhile  324  cntno  yards^is  being  excavated,  eqnala  6.3 
Mats  per  cobio  yard. 

Tbecoat  of  bloiring  air  into  the  tnnnel  is  based  on  tbe  work  done  by  a  rotary  blower, 
driven  by  an  engine  mn  by  steam  taken  from  tbe  boiler  of  tbe  hoisting  machinery : 

Odb  preasnre-blower 8310  OO 

-,0OO  feet  bbuit-pipe,  (wood) 1.280  Oft. 

Mring-belt 300  00 

Is boTSB-power  engine .. . .. ■ . ............. T50  OO 

Freigbt 15  00 

Holme  for  engine 600  00 

Ii«iie«ala  and  repairs  in  five  yeuB..... .. .. ..      500  OO 

Sum  of  Items  of  capital 3,655  OO. 

Yesily  value  of  capital,  (for  5  yeare) 8^31  OO 

Itetilr  interest  on  capitaJ,  at  6  per  cent 319  30 

Y«trly  vain e  of  capital  and  in tereat 950  30 

Hwly  Ttlne  of  capital,  (:«»  daya). 3  17 

(Only  the  blower,  belt,  and  600  feet  pipe  will  beoaed  for  the  first  two  years  in  abaft,) 

The  daily  costs  are  aa  followe: 

S  Mgioe-men,  at  82.50 89  00 

iftremen,  at  81.50 3  00 

lion  coal , 4  50> 

f>il,Tarte,&c 25 

I>*iljvalne  of  capital 3  17 

Bnmof  it«ms  of  daily  cost kI^)^[c 
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Tharefore,  tbe  coat  of  bloiring  sir  to  laborers  excaratiojc  324  cubic  jacds  of  material 
ia  equal  to  4.93  cents  per  cubic  yard. 
Secapitiilatlag  the  seTeral  items  of  cost  per  cubic  ;ard  of  tuDDel-excavatiou,  we 

Average  cost  at  morbiug-face  in  tunnel $2.4500 

Coat  of  hauling  in  tunnel ,   O.OfiTS 

Coat  of  boistingaud  depositing 0.1070 

Coat  of  pumping 0.0680 

Coat  of  blowing  air 0.0492 

8nm  of  items  of  cost 2,7417 

Add  10  per  cent,  for  extra  profit 0.2742 

Total  estimated  cost  per  cubic  yard 3.  DIGO 

The  costof  banl,  based  on  the  average  distance  of  banl,  is  probably  snmen'batbelow 
the  actual  average,  bnt  the  same  force  would  do  the  required  work  if  the  lengtb  of 
haul  were  2,600  or  even  :l,000  feet,  as  the  round-trip  could  be  witbin  the  balf-bonr  al- 
lotted in  the  above  estimate. 

A  greater  quantity  of  track  is  allowed  than  might  be  found  necessary,  as  there  would 
be  no  inconvenience  in  doing  the  work  on  a  single  track  with  double-track  con- 
veniences at  the  working-face,  at  the  shaft,  and  at  convenient  intermediate  pasaiag- 
places  OB  might  be  needed. 

The  cost  of  the  machinery  and  .accessories  is  stated  in  even  flgares,  for  the  reason 
that  extreme  precision  is  unimportaut ;  for  if  a  sum  of  £4,000  capital,  with  interest, 
were  added  to  the  plant,  the  cost  would  be  increased  only  I.l  cents  per  cubic  jord. 

The  shoring  or  false  timbering  of  the  work  as  it  progresses  is  an  item  of  iucidental 
cost  more  expensive  than  any  of  those  cited.  Providing  a  complete  frame  of  heavy 
timber  for  each  linear  yard  of  tunnel,  with  lagging  and  props,  aud  the  daily  labor  of 
three  laborers  to  place  it,  gives  a  cost  of  Sii  ceuts  per  cubic  yard,  the  material  to  be 
lowered  in  the  retumiug  cars.  This  extra  labor,  loading  return  cars,  say  four  laborers, 
^per  day,iBleestbHU  3  cents  per  cubic  yard.  Adding  this  to  former  sumof  coate,(3.03 
-|-  .57,}  and  adding  11  per  cent,  for  contingencies,  gives  a  cost  of  ($.1,996)  say  $4  per 
cubic  yard.  But  if  the  rock  were  solid  enough  to  support  itself  uutil  the  IIqidss  were 
in  place,  $3  would  be  its  cost  per  «ubic  yard. 

The  area  of  the  shafts  is  taken  10  feet  wide  by  SO  feet  long,  to  be  lined,  as  sunk,  with 
timber,  as  previously  described. 

The  culiio  oontent«  of  the  700-foot  abaft  is  5,185  cubic  yards,  or  7.4  cubic  yards  per 
each  foot  of  depth,  and  the  abaft  must  be  suuk  at  the  rate  of  1^  feet  per  day,  to  be 
completed  in  two  years,  requiring  a  daily  removal  of  8.63  cubic  yards. 

The  same  machinery  provided  for  pnmping,  raising  the  material,  and  blowing  air 
will  be  needed  during  tlie  sinking  of  the  shaft,  and  as  its  capital  vainc  hae  been  dis- 
tribnted  to  the  cost  cf  excavating  the  tuunel  proper,  only  the  daily  cost  of  operating 
will  lie  taken  into  the  account  bare. 

(A  lighter  class  of  plant  oonld  be  used  for  working  the  shaft,  but  its  eeonomy  is 
doubtful,  as  it  would  nUioiately  have  to  be  sold  at  a  saoriGce.) 

The  cost  of  operating  the  maoUinery  may  be  taken  at  one-half  the  laborers  and  ex- 
pense required  when  the  machinery  is  worked  up  to  its  full  capacity,  because  the  work 
of  sinking  the  shaft  would  most  probably  be  done  in  day-time. 

The  coat  of  blaitiag  and  looienitij  Iht  roek  will  be  the  same  as  fbr  tunnel-heading. 

Drilling  holes,  9  feet pi  25 

Powder,  5  ponnds 80 

Loading  holes,  tamping,  and  lost  time 11 

Breaking  and  loading  rock 75 

Oil,  smithingj  &c IS 

Proportion  of  foreman  1 . . . . 32 

Addition  allost  time,  per  cubic  yard 25 

8am  of  items 4  63 

Add  10  pel  cent,  profit 46 

Cost  per  cubic  yard 5  09 

The  lining,  according  to  previona  oBtimates,  will  coat,  for  the  whole  depth,  89,%K>,  or 
i>1.90^  per  cubic  yBr£  (The  daily  cost  of  the  hoisting  plant  beiug  charged  to  raising 
the  material  from  the  ahafc,  the  expenae  of  lowering  tbe  lining-m  atenal  will  not  l>e 
lonaidered  bere.    It  might  lie  taken  at  one-half  tbe  daily  expense.) 
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The  ioiiting-aipetiHi  ftre : 

Dall;  ralne  of  capit&l  and  interest  as  before |9  89 

1  enrini^-iiiatl • ... .................... . ........     2  00 

ItireuLiu 1  50 

lUbarurat  sarface 1  50 

1  bonw  lira wiDg  cars,  top,  daily  value  and  cost 100 

llonofcoalforfuel ■  4  50 

Oil,  itaste,  &e 10 

Sum  of  items  of  daily  expense , .. . ...... 30  49 

for  raiaiog  3,63  cubic  yards,  or  ^2.Sli  per  cubic  yard. 
The  coat  of  jiumplnp  reduced  in  tbe  same  general  manuet  Is : 

Diiljvalne  of  capital  and  interest  as  before..... |5  46 

I  engine-man 9  00 

Ifirauu 1  50 

ItoDofcoalforfDel 4  50 

Oil,  irute,  and  sundries 30 

Sum  of  items  for  daily  espenHO 13  76 

for  e.Si  cubic  ; arda,  which  la  equal  to  {1.59}  per  onbio  yard. 

Cost  of  blaieing  air ; 

lln  tbii  case  we  will  praanme  that  tha  blower  is  mn  by  the  hoistiDg-engioe.) 

l>wlTvalneofiBterost,  6  percent.,  on  JBOO (0  16 

Blaa^pipe,  8O0  feet,  $129 23 

Total  diuly  cost 0  39 

This  correaponda  t«  8.63  cnbic  yards  of  excavation,  which  is  at  the  rate  of  4)  oeuta 
per  cable  yard. 
SunmiDg  these  itemaof  ooat,we  have  for  each  onbio  yard  of  shaft  removed  : 

Cmt  of  excavating 15.100 

Cost  of  hoisting 8,815 

Cost  of  pninpiDg ....■ .. . 1.5% 

Con  of  blowing  wc 0.045 

CortofUning 1.907 

Bom  of  items  of  cost 10.868 

Add  ]0  per  cent,  for  profit 1.086 

Cort  per  cnbic  yard 11.948 

Add  11  per  cent,  for  contingencies 1.3148 

Total  probable  cost 13.8628 

vhich  may  be  token  at  $13.85  per  cubic  yard. 


Unitbd  States  Enqine&b  Ofpiob, 

Cincinnati,  Ohio,  December  11, 1875. 

Gbnbbax  :  I  hftve  tbe  honor  to  snbmit  the  following  report  od  the 
Bairey  of  the  "MonoDgahela  River  from  Morgantown  to  Fairmont,  W. 
Va.,"  ordered  in  the  apjiropriatiOD  set  for  rivers  aad  harbors  approved 
March  3, 1876. 

My  other  daties  preventing  me  &om  giving  personal  attention  to  this 
survey,  1  assigned  the  charge  of  it  to  Mr.  Thomas  P.  Boberte,  formerly 
chief  assistant  engineer  on  the  Ohio  Biver  improvement.  His  report, 
with  accompanying  map,  (five  sheets,  inclading  title-sheet,)  is  herewith 
forwarded. 

AP-B-W  D,g,„zedbyG00gIC 
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The  Monoiigahela  River  is  already  slackwatered  by  permaoent  dams 
from  PittiSburgli  to  withiu  a  sliort  dUtaace  of  Greensboroagh,  the  total 
Dumber  of  dams  beinf;  6  and  the  total  length  of  slackwater  84  miles. 

At  Hoard's  Koek,  114  miles  above  Pittsburgh,  the  United  States  is 
nov  building  a  stone  toclc  and  dam  which  will  pond  back  the  river  to 
MorgaotowD.  This  lock  and  dam  is  number  uine  of  the  series,  counting 
up-stream  from  Pittsburgh,  but  numbers  seven  and  eight  are  not  yet 
begun.  For  full  explauatious  of  this  anomalous  condition  of  affairs 
and  for  detailed  information  of  the  river  between  Morgantown  and 
Green  sb or ough,  reference  is  made  to  my  annual  reports  since  1872  on  the 
improvement  of  the  Upper  Monongahela,  which  are  printed  in  the  an- 
nual reports  of  the  Chief  of  Engineers. 

It  ifi  the  evident  wish  of  the  residents  along  the  Upper  Monongahela 
that  Hny  improvement  of  the  river  should  be  by  permanent  dams,  as 
this  is  the  system  which  has  already  done  good  service  on  the  lower  part 
of  the  river.  As  a  matter  of  lact,  it  is  not  possible  to  make  a  perpetual 
6-foot  navigation  without  the  use  of  dams  of  some  kind,  and  the  choice 
is  at  onee  limited  to  permanent  or  movable  dams.  The  latter  are  the 
more  costly  in  construction  and  in  maintenance,  and  are  only  jnsti&ed 
where  there  is  a  comparatively  long  season  of  natural  navigation,  dur- 
ing which  dams  would  be  an  injury  rather  than  a  benefit,  or  where  the 
mass  of  moving  sand  is  so  great  as  to  make  it  probable  that  the  pools,  if 
permanent,  would  rapidily  fill  up,  thus  necessitating  constant  dredging. 
Neither  of  these  conditions  holds  on  the  Upper  Monongahela,  iind  there- 
fore I  have  no  hesitation  in  giving  a  decided  preference  to  the  method 
of  improving  by  permanent  dams. 

The  diflerence  of  level  between  the  surface  of  the  pool  now  under  con- 
struction by  the  Government  (which  will  back  water  to  Morgantown) 
and  the  low-water  level  at  Fairmont  is  60  feet.  This  is,  therefore,  the 
least  sum  of  the  lifts  of  the  necessary  dams.  The  nature  of  the  examina- 
tion and  the  high  stage  of  water  in  the  river  prevented  an  exact  choice 
of  sites  for  dams,  but  the  following  are  Mr.  Koberts's  approximate  loca- 
tions, which  fully  agree  with  my  own  views  in  the  matter.  Retaining 
the  present  method  of  numbering  the  dams  from  Pittsburgh,  we  will 
then  have- 
Dam  No.  to,  at  Morgantovm,  lift 13 

Dtun  No.  11,  at  RoDud  Buttoai,  lift 10 

Dam  No.  12,  alJImmy's  Ripple,  lift .'. 11 

Dam  No.  l;i,  at  Tripiwtt'B  Ripple,  lift 10 

DamNo.  U,  atLoweviUe,  lift 10 

Dam  No.  15,  at  Hoitz'u  Mill,  lift 10 

Snin  of  lifts 64 

The  reason  for  giving  an  extra  lift  to  the  dam  at  Morgantown  is  fully 
explained  by  Mr.  Roberts,  and  it  seems  a  natural  consequence  of  the  lo- 
cation. There  is  a  decided  advantage  in  raising  the  water  at  Fairmont 
higher  than  is  strictly  necessary,  aa  it  extends  the  upper  pool  a  long 
distance  up  the  West  Fork,  thus  largely  increasing  the  coal-area  that  can 
use  this  means  of  transportation. 

In  the  absence  of  definite  locations  only  approximate  estimates  can 
be  made.  As  there  Rre  times  when  there  is  an  nndonbted  scarcity  of 
water  on  the  Upper  Monongahela,  I  think  that  the  dam  should  be  made 
of  masonry,  so  aa  to  save  all  the  water  possible  for  navigation.  The 
diflerence  in  cost  between  the  two  kinds  of  dams  is  not  great,  while  in 
tightness  and  in  durability  the  stone  dam  is  much  the  better.  The  dam 
now  under  construction  at  Hoard's  Kocks  is  of  masonry. 
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I  therefore  sabmtt  the  following  approximate  estimate  for  stone  locks 
and  dams,  based  on  the  cost  of  similar  work  at  Hoard's  Bocks : 
Six  muonr;  locks  and  dams,  at  J130,000 $780,000 

As  prices  have  fallen  since  the  contract  at  Hoard's  Bocks  was 
made,  it  is  possible  that  this  sum  can  be  still  fnrther  reduced.  It  would 
also  be  qnite  feasible  to  increase  the  lifts  of  the  dams,  and  thus  dis- 
pense with  one  of  them.  This  would  probably  reduce  the  cost  of  the 
system  to  $(150,000,  but  the  locks  would  be  more  troublesome  to  work 
and  require  more  care  in  fixst  construction.  I  would  not  advise  this 
chaDge  except  in  case  of  necessity,  as  experience  has  shown  that  lifts  of 
10  feet  are  the  most  advantageous. 

itespectfally  submitted. 

Wm.  E.  Mekrill, 

Major  of  Engineers. 

Brig.  Geu.  A.  A.  HuMPUBEYS, 

Chief  of  Engineers. 


Virginia,  w 
lie  Tyg. 


PiTTBURGii,  Pa.,  Koixmbrr  1,  1S75. 

Sm:  I  have  the  lionor  (o  submit  fbo  following  report  npon  the  snirey  of  tbeMonon- 
Ribela  River  between  MorBSnton-n  and  Fairmont,  W.  va.,  in  accorUaQCo  with  your 
instmetiouB  dated  Jone  36,  1875. 

Uorfjantown  is  the  bead  of  the  pTeHent  sinckwatnr  improveraent  dow  ia  coarse  of 
constniction  by  the  General  Government.  Fairmont  is  2ii  miles  above  MorfraQtown, 
and  a  short  distance  below  the  forks  of  the  Mononeahola,  and  is  situut«d  upon  the 
W heel ioK  branch  of  the  Baltimore  and  Ohio  Kailroad. 

As  the  MonoDj^tibeta  flong  through  the  richest  aod  taost  bi^bl;  developed  bitami- 
Doas ooal-Seldi  in  the  United  States,  it  may  be  proper  iu  this  place  to  desciilra  ita 
mane  and  the  resonroea  of  its  vallej. 

GKSERAL  DESCRIPTION. 

The  MonoDfiahela  ia  formed  a  short  distance  above  Fairmont  by  the  junction  of 
'be  Tjgart'a  VaJley  River,  whiob  heads  in  Upshur  and  Randolph  Counties  iu  West 
''"  n^ia,  n'ith  tlie  West  Fork,  which  bends  iu  Upshur  and  Lewis  Counties. 

le  Tygart'a  Valley  River  is,  properly  speaking,  the  parent  stream,  as  it  exceeds  the 
St  Fork  both  in  volumeof  walerund  lu length.  It  drains  an  area  ofaboutl,3'J0 square 
miles,  and  flows  in  a  nearly  due  north  direction,  the  distance  by  the  mesuderings  of  the 
river  from  its  head  to  Fairmont  being  135  miles.  Its  sources  int«rlock  with  those  of 
tbe  Great  Kanawha  and  the  Cheat,  and  they  lie  near  those  of  the  James  River.  Through 
the  greater  part  of  its  course  it  is  said  to  be  a  rough  and  mgged  stream,  conHned  by 
hill*  and  monntaius.  Its  watet-s apply  is  well  maintained  by  perennial  springs.  Beverly, 
Philippi,  and  Grafton  are  the  only  important  towns  in  Its  valley.  OeneralTy  speaking, 
the  Tjgart's  Valley  is  a  valuable  mineral  and  timber  region,  bat  the  known  excessive 
Fsll  in  the  rivei  precludes  the  hope  that  it  will  soon  be  developed  by  an  extension  of 
the  UDDoQgabela  slackwater.  Much  has  been  already  accomplished,  however,  by  the 
baltimore  and  Ohio  Railroad  in  settling  this  region  and  in  making  known  its  resources. 

The  West  Fork  River  is  not  quite  so  long  as  the  Tygart's  Valley  branch,  And  baa 
quile  diOerent  characteristics,  ItH  geueral  coarse  is  northeast,  wbichdireotion  is  malu- 
tained  t>y  the  Mouongahela  to  Morgantowu.  Unlike  the  Tygart's  Valley  River,  its 
llov  is  comparatively  sluggish,  and  it  is  generally  believed  to  have  less  fall  per  mile, 
u  least  for  the  35  miles  from  its  month  to  Clarksbnrgh,  (where  It  is  crossed  by  the 
Parlcersbnrgh  branch  of  the  Baltimore  and  Ohio  Railroad,)  then  the  Monongahela  itaelf 
ai>ove  the  Pennsylvania  line. 

About  forty  years  aco  a  Mr.  Jackson  obtained  fWtm  tbe  tettlets  and  Inmbermen  of 
thme  days  (30,000,  which  be  expended  in  the  improvement  of  the  West  Fork,  and 
■claally  constructed  ten  oi  eleven  dams,  with  an  average  lift  of  abont  4  feet.  Tbe 
dsini  w«e  built  without  locks,  and  exactly  what  was  expected  from  them  has  never 
!>«•■  clearly  understood ;  possibly  it  was  Intended  to  place  chutes  in  them  for  the  pas- 
Nge  of  rafU.  They  nere  built  of  loss,  in  a  very  imperfect  manner,  and  for  want  of 
care  soon  fell  into  decay.  In  those  days  the  valne  of  the  ooal  deposit  io  this  extraot- 
diaaij  region  was  entirely  unknown,  and,  indeed,  even  yet  it  can  be  Nud  to  bejUj  ap- 
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preciated  even  by  those  who  cUim  to  nndersttuid  tbo  minenil  resoarces  of  the  State  of 
West  Virginia. 

The  West  Fork  ia  saiil  to  maintaiD  ita  favorable  featnre  of  slight  fall  not  oulj  to 
Clarkabiiruh  but  to  WmIou,  boiiiu  40  miles  fartlior  up.  If  thie  l>e  so,  tbere  la  k  total 
diatance  of  75  milea  above  the  head  of  the  Moaongabeia,  and  in  the  heart  of  the  coal- 
field, Trhem  an  i m pro v emeu t  by  elafkwat^r  oi  liy  cauaJ  would  have  bat  few  locks, 
and  would  therefore  be  oomparaUvely  free  from  the  loss  of  time  and  the  aanojance  in- 
cident to  ezceaaive  lockage.  The  West  Fork  haa,  during  several  mouths  of  the  year,  a 
very  limited  aujiply  of  wat«r,  probably  caused  by  the  fact  that  ita  tribntariee  flow 
through  furtile  agricultaral  leeiona  on  which  there  is  a  large  amount  of  sur&use-evapa- 
ration.  It  is  to  be  preaunied,  however,  that  a  regular  water-snppl.T  could  easily  be 
arrauged  by  cheaply-constructed  reservoirs,  should  an  improvemetit  of  the  river  neoea- 
attat«  them.    The  area  of  the  West  Fork  Valley  is  about  910  square  milea, 

I  dwell  more  particularly  ou  the  mineral  resources  and  suaceptibility  for  easy  im- 
provement of  the  West  Fork  because  I  believe  ou  general  principles  that  an  improve- 
ment by  Blackwat«r  or  canal  will  certainly  nltimalely  be  made  where  the  natural 
conditions  are  so  promising.  It  will  first  be  necessary,  however,  to  secure  the  slack- 
water  to  Fairmont,  and,  aa  this  is  yet  in  the  future,  we  may  conlent  onraelvea  fur  the 
present  with  a  general  indication  of  the  advantages  of  a  subsequeut.  eiteuaiuu  up  the 
West  Fork,  without  discussing  its  details. 

Below  tlie  forks  the  Mouongobula  maintains  a  general  northeast  Oonrse  to  Morgaa- 
town,  37  miles.  As  is  shown  in  the  proGles  Bccom|)auyiog  this  report,  the  fall  in  this 
diatance  is  only  55  feet,  which  is  an  average  of  about  2  feet  per  mile.  It  will  be  ob- 
served also  that  much  the  greater  portion  of  the  fall  occurs  iu  the  lower  halt'  of  thia 
distance.  Each  of  the  two  upper  dams  propoaed  in  this  re|>ort  has  a  lift  of  10  feet,  and 
ponds  back  the  river  fur  a  distance  of  d  miles.  In  fact,  tlie  fa'l  near  the  upiier  end  of 
the  Mouongahela  is  but  little  greater  than  it  isnear  its  month  at  Pittsburgh.  This  dat 
place  on  the  liver  is  a  marked  aijd  very  important  feature. 

From  Morgantown  the  general  course  of  the  river  is  due  north,  102  miles  to  Pitte- 
bnrgh,  and  iu  this  distance  it  fidla  93  feet. 

TRE  HOKOKGAIIELA   COAL. 

Before  the  completion  of  the  present  slaokwat«r  navigation  iu  1H42  some  coal  was 
bronght  down  the  Monongahela  in  flat-boats,  even  from  as  far  up  as  Fairmont,  but, 
owing  to  the  limited  demand  for  fael  in  the  West  and  South,  the  trade  waa  insignifi- 
cant. Bnt  uf  late  years  the  demand  for  this  superior  coal  in  the  southern  and  western 
cities,  where  it  is  chiefly  consumed,  has  become  so  great  that  the  coal-trade  has  become 
the  leading  bnsinees,  not  only  on  the  Monongahela  but  also  on  the  Ohio.  All  of  the 
so-called  "  Pittsbargh  "  coal  is  the  product  of  the  valleys  of  the  Monongahela  and  its 
lowest  tributary,  the  Youghiogheuy.  I  append  herewith  a  statement  of  the  coal-ship- 
meuts  through  the  Houongabela  Navigation  Compauy's  locks  since  November,  1844, 
with  a  statement  of  the  annual  receipts  of  tolls,  which  clearly  ezhibila  the  surprising 
growth  of  this  trade: 


Year. 

Sblpment 

T^ 

Year, 

SliipmeuC 

TolU. 

III 

n,33i,»« 

as 

ass 

14,438*3 
13,533  30 

n;e.w  w 

30,014  18 
31.<»U5e 

10, sea  42 

34[353  49 
30,069  63 

1«60 

37,WT,13S 

80.865,798 
18.583,936 

33,070.  BIT 

14  65  300 
30,OW,700 

^wrooo 

58,518.000 
57,396,400 
48,881,300 
54,S08,»6 
56,173.238 
65,881,700 

S-?5^ 

104,036  HI 

ffiSS 

BeMdes  coal,  there  are  annually  shipped  throngh  the  locks  about  'i),000,000  bushels  of 
coke.  There  are  employed  in  the  coal-trafflo  about  1S5  low-boata  and  about  3,000 
barges  and  coal^boatSi  the  latter  varying  in  capacity  from  400  to  TOO  tons  each.  The 
cou  fixim  the  different  pools  sells  for  different  prices  in  the  southern  and  weatern 
markets,  I  have  learned  npon  iuquiiy  that  coat  from  the  first  and  second  pools  above 
Pittsburgh  sells  for  from  1  to  2  cenis  a  bushel  more  than  that  from  the  third  and 
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fonith  {kwIb.  It  IB  Mtated  by  aniiie  tbat  the  coat  fri>m  the  apper  poola  is  not  bo  good 
Inr  giw  pnrpoeeH,  and  that  barKea  loaded  with  the  upper  coal  are  lilwajB  r^ected  from 
Ibe  fleeCH  wbeo  coal  from  the  lower  pools  is  plenty.  Thi  maiket  quotations  in  the 
paper*  occasionally  show  that  the  coal  from  poola  three  and  foai  will  sell  for  no  more 
tbiD  Kaaawha  coal. 

I  Tautd  beg  to  call  yoar  attentiuu  to  these  atateuienta ;  they  will  have  a  bearing 
ii|KiD  tbR  qnestion  whether  coal  when  broitj^bt  U)  market  from  points  still  bi){her  up 
tng  MoDDDgabela,  and  not  yet  readied  by  slackwater,  nill  be  able  to  compete  with 
coat  Diinpii  in  the  pools  of  the  existing  slackwater. 

The  tolls  at  present  eKacIed  at  the  locks  are  t  mill  per  biinhel  from  the  Hist  pool,  3 
mills  from  the  second  pool,  it  milts  from  third  pool,  and  2f[fT  mills  from  the  fourth 
pool,  it  is  undentood  that  this  arraugeruent  is  made  for  the  purpose  of  encouraging 
niiDJDK  operations  on  the  upper  pools.  It  will  be  olisetveil,  however,  that  besiiles  the 
diBerenoe  in  market- value,  which  is  agaiust  onal  from  the  upper  pools,  it  mnst  also 
tlBDd  a  greater  taxation  fot  lockofje  and  towiug. 

Ic  costa  uow  aboat  3  cents  per  bushel  to  mine  coal  id  the  first,  eecoui],  and  third 
pools,  and  from  SJ  to  21  c«Qts  m  the  fourth  pool. 

Ths  value  of  coal-land  is  quite  ilifferent  in  the  several  pools,  varying  as  mnch  as  from 
iSlia  per  acre  in  the  first  pool  to  $150  in  Cbo  fourth  pool.  (Little  or  no  mining  is  at 
prfsent  atleniptrd  in  the  fifth  and  siith  pools.)  In  order  to  more  reailily  exhibit  thee* 
fmtureB  of  the  coal-business  on  the  MonougaheU,  I  append  the  following  tabulated 
«Ut«ni«at : 


PooU. 

1 

i 

11 

1 

1 

1 

i 

Dollar,. 

IfiUi. 

T- 

Omtt. 

Obu.. 

?.= 

7M 

' 

!«. 

" 

11,810,100 

Tli«  coal-vein  worked  is  gsDecally  abont  4)  feet  thick,  aod  the  product  in  almnt 
M.im  huHhels  per  acre.  The  lockage,  therefore,  aiuonnte  to  a  tax  of  about  glOO  per 
*.'fe  (or  the  tirst  pool,  giiOO  for  the  second,  1275  for  the  third,  and  #395  for  the  fourth 
pool    The  coot  of  towing  more  than  doubles  this  tax. 

THB  UPPER  RIVER  COAL. 

At  ihs  termination  of  onr  survey,  when  my  party  reached  the  enterprising  town  of 
Fiinuont,  I  was  called  npon  by  a  committee  of  citizens  interested  in  the  improvement 
of  the  river.  •  ■  *  In  company  'with  committees  of  citizens  I  visited  the  most 
important  works  of  the  neighborhood ;  among  others,  the  West  Fairmont  Coul 
^'orks,  owned  by  a  New  York  Company  and  mantwed  by  Mr.  C.  M.  Davidson.  These 
*ork»  are  situated  on  Buffalo  Creek,  on  the  line  of  the  Baltimore  and  Ohio  Railroad, 
thoDt  a  mile  west  of  the  town ;  the  company  mine  on  both  sides  of  the  creek,  croes- 
iDK  it  by  an  inclined  plane  1,000  feet  long,  which  descends  into  the  mine  on  the 
opposite  Bide.  The  vein  ia  between  9  and  10  feet  thick,  and  has  a  slope  of  about  3  feet 
in  100,  dipping  niH'thwest,  which  is  the  general  inclination  of  the  entire  geological 
tetiet  of  the  country  fur  many  miles  both  above  and  below  Fairmont.  The  river, 
niDDing  at  right  angles  to  the  dip,  or  northeast,  is  therefore  most  favorably  die- 
pwed  in  a  course  parallel  with  the  outcrop.  Besides  the  heavy  vein,  there  are  others 
Mih  above  and  below  it,  some  hills  having  a  workable  thickness  of  over  twenty  feet 
of  good  coal.  From  the  West  Fairmont  Coal  Works  300  tons  are  (tally  shipped  by 
nilraad  to  New  York  and  elsewhere.  Their  cfantes,  tracks,  and  buildings  are  equal  to 
Uj  I  have  ever  seen.  Attached  to  the  works  are  bO  coke-ovens,  this  oou  being  said  to 
In  Bdmirahly  adapted  for  coking.  The  total  amount  invested  in  the  mines  is  #85,000. 
In  company  with  Messra  J.  J.  Buma  and  A.  B.  Flemrainf;  [  alao  viaitsd  the  Qaaton 
Viiat,  situated  on  the  West  Fork  River,  1  mile  above  its  month.  It  is  connected 
*lth  the  Baltimore  and  Ohio  Railroad  bv  a  well-built  branch  road  constrncted  by  the 
cm!  company,  on  which  they  have  a  light  engine.  The  full  capacity  of  their  works  is 
sboDtSOO  liinsperHay,  RudChny  have  been  developed  to  about  350  tuns  per  diem.  Tin 
'fin  i»  to  feet  thick.  When  I  viHiteil  tliit  place  I  saw  som«  coal  on  cars  which  waa 
dcetlDsd  for  l>etruit,  Mich.    The  Fairmont  coal  is  essentially  a  gas-coal,  and  is.beld  la , 
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'hi);h  repnte  in  Nsw  Yaik,  Boaton,  BkltimoTe,  Wftahinf^toQi  and  other  places  both  Ewt 
.bud  West,  to  wliich  It  is  shipped.  One  firm  ihipped  in  a  siiiKle  Beaaon  h>  the  New  York 
and  BrouklynKBacompanieaaBmnohataaO.OOO  toils,  or  840,000  bnshela.  It  is  affirmed 
by  some  that  this  coal  exceeds  in  gas-prodnction  per  ponnd  that  from  tjie  celebrated 
PsDii  or  Westmoreland  ooal-fleld  on  the  Pennaylvauia  Railroad,  bnt  that  it  rsqnires 
somewhat  more  lime  and  a  greater  proportionate  capacity  in  the  purifiers.  I  oould 
obtain  no  tables  of  analyses  by  which  to  compare  them,  bnt  tbe  fact  at  once  impressed 
itself  on  my  mind  that  this  coal  must  be  a  very  snperior  article  to  be  able  to  pay  the 
TBtetoeBstem  markets  demanded  by  the  Baltimore  and  Ohio  Railroad.  Tbe  Fairmont 
people,  rather  uqjnstiliably  I  think,  blame  that  company  for  ezceBsive  rates.  Their 
coai  iH  sold  in  Nev  York,  distant  474  mites,  for  $6.50  per  ton.  When  tbe  heavy  grades 
of  the  Baltimore  and  Ohio  Railroad  over  Laurel  Hill  and  tbe  main  All^faany  range 
(116  feet  per  mile  for  many  consecntive  miles)  are  taken  iDto  consideration,  together 
irith  the  distance,  it  is  a  wonder  there  shontd  be  any  trade  at  all  from  this  n^eion.  1 
was  informed  that  -2,000,000  bushels,  or  about  70,000  tons,  are  annually  shipped  from 
Fairmont.  Tbe  same  coal  is  also  shipped  iu  large  qnantitics  from  Clarkubargh,  35 
miles  up  the  West  Fork,  via  tbe  Parker»liur({h  branch  of  the  Baltimore  and  Ohio  Kail- 
road.  But  BO  lona  as  other  goe-coal  fields  nearer  the  market  can  furnish  a  sapply,  1 
think  tbe  trade  of  this  rcf^OD,  as  now  done  bj  railroads,  must  necessarii;  bo  cramped, 
and  that  it  will  not  expand  materially.  But  It  strikes  me  that,  no  matter  wbat  may 
be  llie  rales  of  toll  established  on  any  slack  water  impnivement  reaching  the  Fairmont 
coal-tields  from  the  Ohio,  it  would  at  ones  afford  a  better  ontlet.  The  fact  that  this 
pince  has  already  demonstrated  ite  poeeesaion  of  a  good  article  in  universal  deinaad, 
which  cannot  at  present  be  brought  into  general  nse  on  acconut  of  the  cost  of  trans- 
nortalion  by  rail,  is  an  excellent  argument  in  favor  of  cheap  transportation  by  water. 
The  <iuestion  Dow  coming  up  is  whether,  in  the  event  of  slsckwater  to  Fairmont,  this 
coal  will  compare  favorably  in  quality  and  price  with  that  found  on  the  river  below, 
which  already  enjoys  not  only  a  reputation  for  good  quality,  but  tbe  cheapest  rates  of 
transportation  known  in  the  United  States.  If  it  sbnnid  appear  that  this  coal  is  not 
«o  good  ns  that  in  the  pools  below,  it  would  aufier  in  tbe  markets  in  comparison,  and 
tbe  additional  tax  for  lockage  would  add  materially  to  tbe  difference  against  it.  Baa- 
ing an  opinion  on  the  large  shipments  made  by  rail  to  distant  poiuls  from  this  retpon, 
I  am  tempted  to  believe  this  npper-river  coal  equal  iu  all  respects  to  tbe  best  fimnd 
□ear  Pittsburgh ;  bnt  it  might  be  as  good,  and  btill  not  valuable  enough  to  pay  the 
difference  in  river- transportation  rates. 

Tbe  main  point  claimed  for  it  in  comparison  with  Pittsburgh  coal  is  that  the  vein 
is  more  than  twice  as  thick,  and  is,  consequently,  much  more  easily  worked.  Near 
Pittsburgh  the  average  daily  prodnotion  per  hand  is  100  bushels,  for  which  3  cents  per 
bnsbel  Is  paid.  The  average  daily  production  per  band  in  tbe  Fairmont  mines  is  300 
bushels,  for  which  1^  cents  per  bnsbel  ate  paid.  (Some  miners  are  paid  only  1  e«Dt  a 
bnsbel.)  This  is  a  difiTerence  in  coat  of  mining  in  favor  of  the  npper-river  coal  of  1{ 
cents  per  busbel,  and,  at  tbe  same  time,  better  wages  are  made  by  the  miners.     Coal- 

Sroperties  are  held  along  tbe  Baltimore  and  Ohio  Railroad,  according  to  luoation,  at 
om  fJb  to  81!iO  per  acre ;  some  has  Iteen  sold  as  high  as  t^iOO  per  acre.  It  ahoald  be 
borne  in  mind  that  tbe  railroad  traverses  the  coal-field  at  right  anglea  to  the  atrike, 
end  pns'ws  entirely  through  the  belt  of  the  heavy  vein  iu  a  distanoe  of  leaa  than  5 
miles,  whereas  the  Monongahela  meanders  throngh  it  parallel  to  the  atrike  fur  over  :i.'> 
miles,  not  including  the  distance  to  Clarksburgh,  which  is  a  part  of  the  same  coal- 
field, and  is  traversed  by  the  West  Fork.  Purcbasi'H  of  coal-privil^l^eaoonlddoabtleaa 
be  made  along  the  river  far  from  810  to  835  per  acre.  Putting  it  at  8^  per  acie,  it  has 
already  been  stated  that  coal- priv ilexes  near  Fittshnrgh,  in  the  lower  pool  of  the 
Monoiiitabela,  are  valaed  at  iSOO  per  sere;  tbix  shows  the  advantage  of  the  Fairthonr 
region  in  cost  of  lai>d.  From  Fairmont  to  Pittshnrgh  there  would  probably  be  four- 
teen lotka  to  be  passed  thrnuEh,  or  fifteen  if  the  sLiekwater  should  bo  extended  ao  aa 
to  enibrace  one  pool  up  tbe  Weal  Fork  Biver,  as  I  would  recommeod.  Seven  of  tbene 
locks  would  be  awDeil  by  a  corporatiou  and  the  other  seven  or  eight  controlled 
by  the  United  Slates  GovernmeDt,  should  the  latter  bnild  this  improvement.  If  the 
charges  for  lockage  should  diiDinisb  as  the  pools  are  mote  distant  fmm  Pittabargb, 
Booording  to  tbe  system  already  introduced  by  the  Mooongabela  Kavigatioa  Com- 
pany, the  entire  atnonnt  of  t«lls  would  not  probably  exceed  8  mills  per  bnabeL 
irrna  Fairmont  to  Pitlaburgh,  and  might  be  made  even  leas,  most  of  the  upper 
pools  being  short,  and,  (or  other  reasons,  some  reduction  could  be  relied  apoa 
n^  thToago-ratee  of  towing.  (  have  been  informed  by  river-men  that  tovtlng 
eoald  be  done  for  about  one  cent  and  eight  mills  per  bnsbel.*  Ttais  wonld  maka 
tbe  coet  of  ooal  at  Pittsburgh  aboat  ^  mills  per  bushel  more  than  Pitteborgh  ooal. 
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lad  lesva  pool  No.  4  on  a  par  with  coal  from  that  pool,  if  its  qnalitf  is  aupaiior,  aa  I 
umrnt  it  to  be.  Tbe  General  QarerDment  tmviaK  already  emburked  in  tlie  improve- 
ment of  this  rirer  and  provided  for  the  conHtruction  of  one  dam,  backing  the  water  to 
Uorgftntown,  within  S  or  10  miles  of  the  Fairmont  coal- tield,  and  almost  within  sound 
cf  traine  pasain);  over  the  Baltimore  and  Ohio  Railroad,  has  fairly  placed  itself  in  a  po- 
sition from  which  it  cannot  recede  until  the  real|object  haabeen  attained  for  which  the 
eilengion  of  the  alackwater  is  urged,  viz,  the  opening  np  of  the  resources  of  the  State 
of  U'Mt  yirninia  and  the  completion  of  a  line  of  commnnication  that  Rbalt  have  an 
ODtlel  for  goneral  commerce  at  both  ende.  Aa  it  is.  the  alackwater  falla  short  of  reach- 
lug  tbe  best  coal-Gelila,  and  terminates  where  it  may  never  expect  to  benefit  geDeral 
rounif n^  by  famiabiuK  cheaper  transportation  than  railroads  can  afford.  Tbe  Ki^eat 
city  of  FittsbnrKh  ia  vitally  interested  in  this  region.  Within  a  radios  of  100  mitas  of 
Ii<:r  there  are  embraced  within  the  limits  of  West  VirKinia  4,750  square  miles,  2,630 
square  miles  of  which  are  on  the  Monongahela  River,  which  flows  past  her  work-shops, 
but  ia  now  tributary  to  a  railroad  that  doea  not  lead  toward  Pittsburgh.  This  region 
iDclDdeg  the  well-aettled  aud  populous  conntiea  of  Marion  and  Mononealia,  and  alao 
Hhitlboii,  Tucker.  Taylor,  Preston,  and  Barbour,  with  parts  of  Randolph  and  Upahui. 

HIKOR  INTKRB8T9. 

Among  the  minor  resources  aDd  indastriea  of  the  Upper  Monontcobda  to  be  benefited 
by  ariverimpniveuieut  is  the  lumber- trade.  The  slopes  of  the  hilla  aud  muuntaias  of 
this  part  of  West  Virginia  were  at  one  time  covered  with  magnificent  forests  of  oak, 
bl»ck  walnut,  locust,  hickory,  liuUeii,  and  other  woods,  and  an  estensive  trade  in  raft- 
ing lumber  was  carried  on  to  supply  the  demand  for  steamboat  and  barge  construction 
and  for  fteneral  building  purposes.  The  oak  from  this  region  Ijears  iu  Pittsburgh  the 
bi  'l  rejiutation  of  any  that  comes  fo  that  market.  But  withio  5  or  6  miles  of  the  river 
and  ilB  principal  tributaries  the  forests  have  beeu  seneraliy  cleared.  As  far  as  my 
saney  extended  the  country  presents  a  beautiful,  high,  rolling  landscape,  and  it  is  as 
«'eU  cleared  oa  the  adjacent  oouuCies  of  Feuasylvauia.  However,  toward  the  Chsat 
MoautaiDi  and  above,  on  the  heodnaters,  extensive  foresee  are  standing  that  as  yet 
bate  been  scarcely  culled.  The  soil  on  the  hills  is  remarkable,  from  the  fact  that  it  is 
■a  veil  adapted  for  grain  and  oaru  as  that  along  the  river-bottoms.  The  extent  of  bot- 
tom-land aliiug  the  Monongahela  is  everywhere  limited,  and  it  is  extremely  fortutiat« 
for  agriculturists  that  tbe  soil  ou  tbe  hills— and  it  ia  all  hilly— should  be  so  good.  Id  ■ 
iMpect  to  soil  and  climate,  this  part  of  West  Virii^nia  ia  superior  to  the  average  of 
Wegiern  Pennsylvania.  Theoonntcy  aiijaceut  to  the  river  is  settled  by  a  thrifty  and 
intelligent  people,  possessing  comfortable  houies.  About  '200  rafts  of  oak  and  poplar 
tte  floated  down  aouually  in  freahete,  principally  from  the  Wftat  Fork  Kiver,  There  is 
bcaidvB  a  conaiderablo  quantity  of  sawed  lumber,  staves,  ahingles,  hoop-poles,  and  oross- 
hea  shipped  by  river  from  this  region.  Some  lime  and  Qre-brick  are  sent  down  in  flat- 
boats  from  near  Fairmont,  tbe  aggregate  valneofwhichl  was  unable  to  obtain.  Fruit- 
cal'are  promises  in  the  near  future  to  be  an  extensive  item  iu  ahipment.  In  tbe  neigh- 
borhood of  Newport, 8  miles  belowFairmont,  in  two  oroharda  alone  there  are  10,000  bear- 
in  j  apple-treee.  Iron-ore  in  great  quantities  isfonnd  along  the  Cheat  River  and  at  many 
paiDts  also  along  the  Monongahela.  Three  fornaoee  have  reoeotly  been  in  blast  in  the 
Tj'gstt's  Valley,  but  as  to  the  characterof  the  ores  used  I  was  unable  taleamanything- 
Some  distance  above  Morgantown,  near  the  Little  Falla,  I  examined  the  outcrops  ofa 
van  of  ere  on  the  river-bauk  that  I  judge  would  yield  25  to  30  [>er  cent.  It  is  rich  with 
hme,  and,  it  is  said,  haa  been  used  without  a  flux  in  tbe  Old  Clinton  Furnace,  formerly 
standing  near  tbe  spot.  1  apprehend,  however,  that  this  ore  could  not  be  profitably 
med  by  itself^  but  aa  it  poasessea  so  much  lime  it  might  possibly  be  introduced  in  Pitts- 
bnrgb,  to  be  used  aaa  flux  and  for  mixing  with  the  richer  ores  from  the  Lakes  and  from 
Hiisanri.  At  many  points  along  the  river  I  observed  ledges  of  very  superior  aandatone, 
^  1^  suitable  for  ornamental-building  purposes.  The  biilLdiag-stone  of  this  region  is 
HTtainly  more  durable  and  it  presents  a  better  texture  and  appeara&ce  than  most  of 
that  employed  in  Pittsburgh.  The  latter  city  is  badly  situated  for  building-material, 
the  nearest  quarriea  of  fair  stone  being  over  &  miles  distant  by  rail,  and  much  that  is 
med  comes  Icom  poiuta  on  the  Pittsburgh, Fort  Wayne  and  Cuicago  Railroad,  more 
than  100  miles  distant ;  so  that  the  quarries  aloDg  tbe  Monongahela  above  Uorgautewa 
*iinld  poBsess  a  new  value  ahould  the  alackwater  be  extended  to  them.  Near  Fair- 
nwat  there  are  very  extensive  deposits  of  gloss-sand,  an  article  in  greater  demand  in 
Pittsburgh  than  in  all  the  citiee  of  the  Union  combined.    I  was  informed  that  this 
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sand  ia  abipped  to  the  Wlieeling  Gloss  Works  by  nulroad,  bot  none  of  it,  I  believe, 
has  so  Tar  reached  the  Pittabur^fli  works.  Deposits  of  potter's-olaj  are  also  foand  in 
the  same  neishboTbood,  and  recently  an  extensive  pottery-establisbmant  has  been 
erected  in  Palatine,  immediately  oppoaile  faimoot.  Tbe  two  towns  are  connected 
by  qaile  a  bandsome  an  ape  naiun-b  ridge,  550  teet  long.  There  are  a  nnmber  of  pot- 
tery-eatabliabments  on  the  Monoueabela,  near  Greensboroaxh,  tbe  bead  of  the  com- 
pleted alackwater  improvement,  the  ahipments  from  which  by  river  are  qnite  large. 

It  abuuld  not  be  lost  aiiiht  of,  in  conclnaiou,  that  by  the  eiteDsion  of  the  alack  water  to 
the  Baltimore  and  Ohio  Railroad,  a  considerable  paasen^^r,  express,  and  general  freight 
busiDCBB  would  l>e  benelited,  the  facilitiea  for  which  are  at  preaentonly  a  wagon-road 
and  Btaite-liae ;  aometimeii  two  coaches  leaye  foe  Etveaville  and  Uorgantowa  diuly  from 
Fairmont.  There  is  certainly  a  more  promising  expectation  for  lif^t  boainesa  along 
the  Honongahela  Valley  than  baa  been  vouchsafed  many  railroad-enterpriaes  at  tbe 
atart.  It  is  proper  to  add  that  a  line  of  railroad  haa  already  been  located  on  tbe  liver- 
bank,  which  ia  to  extend  from  Pittabnrgb,  via  Fairmont  and  Clarkaburfcb,  to  Charles- 
toD,  W.  Va.,  acd  that  !t5  miles  of  tbla  road  baa  lieen  built  from  Pittabur|[h  aontb  and 
is  DOW  in  inuDiog  order. 


I  have  indicated  on  the  profile  the  aitnationa  and  linsof  the  several  dams  that  would 
appear  to  me,  f^m  tbe  observations  I  made  in  the  limited  time  of  making  the  survey, 
as  suitable  for  the  uxtenaion  of  the  siackwater.  Unfortunately,  linring  nearly  Ibe 
entire  time  I  was  engaeed  on  the  survey  tbe  river  was  swollen  and  muddy,  from  the 
effects  of  tbe  remarkable  raina  that  visited  the  Central  Stales  in  July  and  August,  so 
that  I  was  prevented  from  making  as  careful  an  examination  for  dam-sitea  as  would  be 
required  in  case  actual  locations  bad  been  ordered.  I  feel  confident,  however,  that,  as 
a  rule,  this  portion  of  the  Mnnongabela  Kiver  will  be  found  to  have  generally  a  good 
rock  bottum.  At  some  places  nick  ledgea  cross  tbe  river  horizontally  from  bank  to 
bank.  At  other  places  where  such  favorable  diaposilion  may  not  l>e  fouud  for  foun- 
dations, a  comparatively  shallow  excavation  would  be  required  on  only  cue  side  in 
order  to  reach  tbe  rock  bed  of  the  river.  There  are  exceptional  places  near  the  mouths 
of  tbe  largest  creeks  where  large  masses  of  loose  rock  have  been  carried  into  the  river 
as  thongb  they  had  been  pushed  along  by  glacial  action.  At  such  places,  to  reach  tlie 
solid  rock,  a  greater  depth  of  excavations  would  be  required,  but  I  think  it  will  be 
found  that  at  tbe  points  designated  for  dams  the  bottoma  are  uniform.  The  moat  nn- 
fovorable  site  ia  at  Lowe's  &lilla,  but  thia  may  prove  not  as  bad  as  anticipated,  as  I 
could  not  Judge  very  well  of  ita  character  on  account  of  tbe  depth  of  tbe  water.  The 
dams  are  numbered  from  Pittsbnrgh  up.  At  Morgantown  the  tenth  dam  will  possibly 
be  erected.  I  would  propose  that  its  lift  be  made  13  fert,  in  order  that  it  may  pood 
the  water  above  Booth's  Creek,  in  order  to  avoid  placing  a  dam  at  this  place,  as  wonld 
be  necessary  if  a  much  lower  lift  were  adopted.  At  Booth's  Creek  tbe  river  is  wide, 
and  it  appears  to  be  gieatly  filled  op  with  loose  rock.  With  a  lift  of  13  feet  the  pool 
of  dam  No.  10  will  have  more  than  twice  tbe  length  it  would  have  if  tbe  lift  were 
made  only  10  feet,  aa  there  is  a  long  natural  pool  Just  above  Booth's  Creek  which  will 
become  a  part  of  it.  For  dam  No.  11, 1  would  propose  a  location  at  the  lower  end  of 
Round  Bottom.  At  that  point  the  foundation  la  good.  1  would  recommend  that  the 
lift  be  made  10  feet.  Dam  No.  12  would  be  Juat  above  tbe  preaent  flsb-dani  in  Jimmy's 
Ripple.  At  this  place  both  banks  and  tbe  bottom  of  tbe  river  appear  to  lie  solid  rock. 
This  dam  might  tte  made  11  feet  lift,  in  order  to  back  the  water  over  the  Little  Falls. 
There  is  a  sharp  bend  in  tbe  river  at  the  Little  Falla,  and  I  think  it  would  be  better  to 
locate  the  dams  ae  remote  aa  poaaible  from  such  points.  Dam  No.  13  wonld  be  about 
midway  up  lu  Trippett's  Ripple.  The  foundationa  at  this  place  appear  to  be  good  ;  the 
lift  is  10  feet.  Dam  No.  14  would  be  at  Lowe's  Hills.  At  tbia  point  there  is  a  valuable 
mill-property,  and  quite  a  settlement.  I  think  it  would  be  well,  if  possible,  to  arrange 
a  dam  at  this  point,  not  only  on  acconut  of  tbe  accommodation  the  locka  would  be  for 
passengera,  but  also  to  afford  power  to  auy  mill  that  might  be  arranged  to  use  the 
waste-water.  J  woold  recommend  that  at  this  point  one  or  more  iron  pipes  be  laid  in 
the  abutment,  with  proper  valve-conneotiona  that  would  afford  power  when  there  was 
wat«r  1«  spare. 

Dam  No.  lb  would  be  at  Holtz's  Mill ;  it  would  have  10  feet  lifl.  I  regard  tbia  aa  a 
very  favorable  location.  An  arrangement  for  tbe  accommodation  of  mills  might  be 
made  at  tbia  point  also.  In  propoaing  this  arrangement  of  dams,  I  am  aware  that  I 
have  exceeded  the  lift  merely  necessary  to  extend  tbe  slackwatec  to  Fairmont,  bat  I 
believe  it  a  great  desideratum  to  have  the  water  backed  op  the  West  Fork  River,  aa 
thereby  several  thousand  aores  of  tbe  "11-foot"  coal-veins  would  be  made  ocoeasi- 
ble.  Including  thia  laat  dam,  there  would,  therefore,  be  required  six  dams,  as  I  have 
proposed  to  arrange  them.  Omitting  tbia  last  dam  and  giving  to  all  the  others  a 
biglier  average  lift,  four  dams  in  all  might  answer.  I  am  nut  pn-parrd  to  nay  whether 
there  wonld  he  any  practical  economy  in  rBSiiriiiig  to  hinher  lifts.  There  may  with 
bigher  lifts  be  more  of  a  question  nlHUit  i-ndui'gi-iing  tUu  biiiik".     1  think,  uiidiiiib redly, 
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ti  uanj  poJntB,  nnlew  the  banks  nre  pn>teot«d  by  willows,  that  tbey  will  cut  in  aoy 
CTcul.    Fanners  complain  now  that  the  floods  are  more  destructivo  than  formerly  to 

the  banks,  bnti  on  the  whole,  I  think  not  much  damage,  reckoned  iu  money,  either  by 
Dveifloir  or  cntting,  wonUl  ensue  by  making;  the  dams  higher,  an  the  bottom-lands  are 
Duaally  very  contracted  and  possess  no  particular  value.  Bat  by  this  outting  the 
<rsC«r-aurface  would  be  enlarged,  and  the  loss  by  evaporation  wonld  accordingly  bo 
proporlionally  greater.  I  have  entered  into  no  ciilcutatlou  of  the  coetof  dams  of  given 
aeij;htB,  but  think,  tiir  economy  in  time  of  workiog  and  safety,  a  lift  not  materially 
over  10  feet  is  beet.  I  believe  that  this  lift  has  come  to  be  considered  the  standard  for 
siackwater  on  small  streams  and  canals.     As  far  as  I  oould  leam,  the  Ice  does  not 

S anise  to  give  much  trouble  on  the  Upper  Monougabelo.  In  this  respect  the  river  is 
ttel  than  it  is  lower  dowu,  where  the  difference  in  latitade  is  marked  by  more  severe 
freeziug  weather.  Gorges  seldom  ooonr,  and  have  never  been  known  to  do  any  serious 
damage  or  U)  cause  overdows.  I  regret  that  I  was  unable  to  carry  out  your  instructions 
in  respect  to  ganging  the  river,  for  it  appears  there  are  no  recordH  obtainable  of  the 
low-water  discharge  of  the  Monongahela  above  Cheat  River.  The  lowest  water  while 
we  were  making  the  survey  was  at  the  start,  early  in  Jnly,  whea  it  was  about  9  inohes 
ibove  low-water  mark.  After  that  the  river  fluctuated  between  a  flood-stage  and  2 
feet  above  low-water  mark.  The  flood  on  the  Monongabela  was  more  marked  at  its 
beailwaters  than  it  was  farther  north.  The  greatest  rain-fall  appeared  to  calminat«in 
the  West  Fork  River  Valley ;  and  toward  the  last  of  this  remarkably  rainy  season  the 
grcAtest  downfall  was  on  Buffalo  Creek,  where  a  flood  occurred  entirely  unprecedentied 
far  heisbt.  At  Hanningtou,  on  this  creek,  and  also  ou  the  Baltimore  and  Ohio  Rail- 
rand  17  miles  west  of  Fairmont,  a  road-bridge  was  swept  away,  and  many  thousands 
of  dollars'  damage  was  done,  the  water  haviug  stooil  4i  feet  deep  in  the  stores  of  the 
tmuness  part  of  the  village.  At  Fairmont,  and  at  HorgantawQ  also,  the  extreme  rise 
was  25  feet  above  low-water  mark,  but  no  damage  was  done,  excepting  by  the  loss  of 
rafts  and  boat*.  The  highest  water  known  at  Fuirmont  was  in  1^132,  when  the  river 
nse  34  feet  above  low-water  mark.  I  roughly  estimated  that  for  one  week  (July  38  to 
Anzost  4)  the  average  depth  of  the  river  at  Fairmont  was  15  feet,  with  a  current  of  6} 
milca  an  boar,  passing  4.000,000  cubic  feet  of  water  per  minute. 

In  seMone  of  drought  the  creeks  between  Morgantowti  and  Fairmont  are  practically 
dry,  and  tbe  eole  reliance -for  water  must  be  placed  on  the  Tygart's  Valley  River  and 
the  West  Fork.  It  is  believed  by  many  that  tbe  river  at  such  neriods  has  more  water 
■t  FtirmoDt  than  it  bas  at  Morgantown.  I  have  no  nieaus  of  knowing,  eveo  approx- 
imately, tbe  low-water  discharge,  bat  there  is  said  to  be  always  an  ample  supply  for 
both  Uie  grist-mills  at  Fairmont,  with  water  to  spare.  Tbe  most  intelligent  mill-men, 
*nd  atben  with  whom  1  conversed,  thonght  there  would  always  be  an  ample  supply 
^  alMkwater  parpo«es.  I  think  myself,  as  there  need  be  no  rush  of  business  at  any 
lima  at  the  locks,  the  datoa  will  remain  foil,  and  that  a  6-foot  navigable  depth  can  be 
iDsintaiaed  in  the  Upper  Monougahela  at  all  times,  save  when  the  river  may  be  closed 
■7  ice.  The  fbllowiug  table  sbowg  the  distances  from  Pittsburgh  of  various  points  on 
ihe  Upper  Houonjpibela,  the  lengths  aod  falls  of  the  ripples  and  dams,  and  the  clevo- 
lioM  of  iaw  water  above  low  water  at  Pittsburgh,  and  above  tbe  mean  ocean-level ; 
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mill-dun,  below... 
UoFKU's  mlU-dam,  ntwTe. .. 
106.  «3  Bot]1h'aC™ekHfpple,fi>Dt.., 
I  Bootb'i  Creek  Ripple,  faeid  . 
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I  Holtf'a  millHliua,  below.. 
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looM  rook. 

Rock-ledge  >cnaa  tiettom. 

^rlsB  of  ibort  rlpplsA. 

JJo. 
Bolld  mck  boUom. 


Solid  rock.lsdge. 
Rain*  of  old  dam  and  mill. 
Hood  i.  WlHuu'a  mill. 
Oentle  ripple. 
Loose  Mok  bottom. 
Solid  rock  bottom. 

Two  mllta. 

JoDotlonofUiB  Tjaxt  ValleT 
Rlrer  and  the  WeM  Forfc- 


Respeotfnlly  Bobmitted. 
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The  Allowing  printed  statement  b«s  been  forwarded  to  me  from  Fairmonl,  from 

'tuch  it  appears  toat  at  areoeut  test  mode  at  the  Chicago  water- works,  Fairmonl  coal 
pumped  5^  gallnns  of  water  per  ponnd  of  coal  consumed.  Of  the  coals  named  in  the 
table,  tbs  Briar  Hill  comes  from  the  line  of  the  Fenosj-lvania  Bailroad,  and  the  Ft. 
Pitt,  Waloat  Hill,  and  Cherry  Mines,  from  the  line  of  the  Pan-Handle  Bailroad.  The 
L««li»wann«  in  from  the  Eastern  PBOasylvnaia,  and,  as  far  as  I  know,  is  the  only 
Mltinciie  coal  on  the  lUt. 

Official  ugt  of  roal  ai  Chicago  Kater-morl;!. 
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S  M«)r  StD  t;  Pairl... 
«  Apr.SSUlU  FLPitt. 
'  Apr.IStoai!  PltUbar 
«  Apr.  as  to  30  I  Walnnt' 


13  SiTtiat  toffi    F^rmi 


-jeny  MIdm.  .. 
Hocktbg  Valley. 


lUiodeideBndlay. 

WnldrOB 

RhadM&Bndley. 

Datloo '  .u  ira 

J.  W.  Walktr  &  Co  Kt  S6 

Rood ---I  SJ  at 

MoCMley  .... 


n  the  Enginearing  and 

^ . , , if  October  !*,  ISIo,)  is  present™  to 

■hoir  that  Fairmont  ooal  in  the  eaatem  gaa-ooat  market  standti  "alongside"  on  eqnal 
t^mis  with  any  other  plain  bitnmiuons  gas-coal  from  American  mines.  It  should  be 
tmrna  in  mind  that  the  various  cannel-coala  qnoted  are  chiefly  valnahle  for  mixing 
*ith  domIb  we^  in  gas.  Cannel-coal  is  entirely  too  fat  to  be  used  alone  in  large  gaii- 
rockg  as  at  present  constructed,  and  is  equally  unsatisfactory  for  this  reason  when 
oMd  for  Hteam -purposes,  and  therefore  comparatively  small  quantities  of  it  are  em- 
ployed. All  of  the  regular  gaa-ooals  qnoted  in  the  table  are  nearer  market  than  the 
Fainnont  coal ;  if  we  prorate  for  grades,  the  distance  to  New  York  becomes  eveo 
more  favorable  for  the  coal  from  other  regions.  It  must  be  chiefly  because  the  coal  is 
ofasDperior  quality,  and  la  obeap  to  mine,  that  it  enters  the  market  at  all. 

ITkalttale  priat  of  lit«miuoui  coal — domealic  gas-ooaJ»—jier  ton  of  1l,1U0  potindt. 
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Umted  States  Enqinkeb  Office, 

Cincinnati,  Ohio,  January  6, 1876. 

Qengbal  :  I  have  the  honor  to  forward  herewith  the  report  of  Mr. 
Jamea  E.  Bell,  assistant  engiueer,  on  the  examinatioti  of  the  Loaisa  Fork 
of  the  Big  Sandy  Kiver,  between  Piketon,  Ky.,  and  the  month  of  Dismal, 
in  Virginia.  The  examination  was  ordered  in  the  appropriation  bill  for 
rivers  and  harbors  approved  March  3, 1875. 

The  distance  covered  by  this  examination  In  62  miles,  and  in  tbis  dis- 
tance the  lall  of  tbe  river  is  626  feet,  ?bich  is  a  little  more  than  100  feet 
greater  than  tbe  entire  fall  of  tbe  Ohio  River  from  Pittsburgh  to  Cairo. 
Tbe  average  rate  of  fall  on  this  part  of  the  Louisa  Fork  is  ttj  feet  per 
mile. 

The  country  ia  very  sparsely  settled,  the  majority  of  the  inhabitants 
being  engaged  in  cutting  and  rafting  logs  to  the  Ohio.  The  only  i  in - 
provemeuts  that  they  request  are  such  tis  will  help  the  rafting  interest, 
sncb  as  straightening  sharp  bends,  closing  dnplicate  channels,  cattiug 
down  trees  that  overhang  the  channel,  and  removing  large  rocks  in  the 
bed  of  the  river.  This  work  is  so  scattered  in  location  and  so  uncertain 
in  amount  as  to  make  accurate  estimates  impossible.  Mr.  Bell  submits 
an  estimate  of  $18,000,  and  suggests  that  at  least  $3,000  ought  to  be 
expended  in  improving  the  channel  at  the  worst  places. 

J  am  satisfied  that  any  moderate  sum  that  Congress  might  see  fit  to 
appropriate  could  be  used  to  advantage,  provided  it  did  not  exceed  tbe 
larger  sum  named  above. 

An  improvement  by  locks  and  dams  would  not  be  justified  by  tbe 
present  needs  of  commerce. 

Respectfully,  your  obedient  servant, 

Wm.  E.  Mebrili., 


Major  of  Engineers. 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


rbport  op  mr.  james  b.  dl 

Uhfted  States  Ensinber  Oppick, 

CiticinnaU,  Ofcw,  Deeemba- 15, 1675, 

Sib  ;  t  bave  tlie  honor  to  iabmlt  the  following  report  of  the  reoonnaiss»ace  of  tbe 
Lonina  Fork  of  tbe  Big  Sanily  River,  from  Piketoii,  Ky.,  to  the  month  of  Dismal  Creek, 
iD  Biiohanan  County,  VirKioia,  wwicned  to  me  by  your  orders  July  14,  1H75. 

Tbe  loirer  portion  of  Louistt  Fork,  as  far  up  aa  Piketon,  was  aurveyed  dnrlag  tbe 
tail  of  1874,  under  your  inatmcCions,  and  in  a  report,  made  last  Febrnary,  are  given  a 
geoeral  description  of  tbat  stream  and  u  statement  of  its  commeroia)  iraportanoe. 

Tbe  reconnaissance  of  the  upper  portion  of  Louisa  Fork,  as  designated  iu  yonr  orders, 
was  begnn  at  the  month  of  Dismal  Creek  soon  after  the  cessation  of  the  oontinuons 
rains  of  last  July,  when  the  fork  had  fallen  lo  a  safe  navigable  stage. 

Tbe  Louisa  Fork  rises  in  a  ridge  of  tbe  Cumberland  Mountains  in  Bnchanan  County,    ■ 
Virginia,  and  flovfs  in  a  northwesterly  direction,  with  a  very  tortuous  conrse,  through 
Bnchanan  County,  Virginia,  and  Pike,  Johnson,  and  Lawrence  Counties,  Kentocky ; 
opposite  the  town  of  Louisa,  in  Lawrence  County,  Kentucky,  and  about  26  miles  f^m 
the  Ohio  Kiver,  It  nnitee  witb  tbe  Tag  Fork,  and  the  two  form  tbe  Big  Sandy  River. 

The  range  of  monatains  that  forms  the  boundary  between  Buchanan  and  Tazewell 
Conntiea,  Vincinia,  is  tbe  water-shed  of  Louisa  Fork  and  of  Clinch  River,  an  important 
tributary  of  t£e  Teonessee,  and  it  te  known  in  geography  aa  tbe  Clinch  range  of  tbe 
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AppalaDhinn  MoaDtain  ayBtfm.  Another  Tanjce  nf  tbi^  nai 
dividing-line  between  Virginia  Bud  West  Virginia,  is  the  ^ 
oftbeBrKSandj. 

Thttpoitioa  of  the  Clinch  ran)^  wbich  Kivea  its  water  to  the  Loaisa  Fork  is  known 
Id  Bnchanan  and  adjacent  Virginia  counties  as  the  Sand;  Ridge. 

Tbe  larvej  was  beenn  at  the  mouth  of  DiHmol  Creek,  about  15  miles  fiom  the  head- 
viten  of  the  Louisa  r'ork,  and  the  elevation  of  low  wat«r  at  this  place  is  667.r>0G  feet 
ilioTe  low-water  mark  of  the  Ohio  Siver  at  Catlettsbuigh,  Ky.,  oi  1,175.668  feet  above 
tnean  ocean  tide. 

TIm  moant^nona  section  which  is  drained  by  the  Loalsa  Fork  is  divided  into  ridftea 
bf  ils  man;  long  and  sinnons  tributariea,  wbose  Bonioes  are  tipon  these  ridgea,  at  dis- 
tMMxa  of  fiiim  2  to  50  miles  fn>m  tbe  main  stream  ;  they  are  fed  almost  continually 
ttuoDghoat  the  year  by  numerous  inountaiu'SprlngB,  which  become,  eapeoially  during 
dneeasons,  the  only  means  of  maintaining  tbe  supply  of  water  in  the  lark. 

The  Louisa  Fork  is,  in  many  respects,  the  most  important  tributary  of  the  Big  Sandy 
Eirer.  Its  basin  is  the  widest,  longest,  and  tbe  most  fertile.  Its  valley  is  the  richest, 
iMth  Id  nineial  and  in  agricultural  resources.  It  is  the  only  outlet  for  the  trade  of  this 
KCtion  of  Eastern  Kentucky. 

The  tMttam-lauds,  varying  in  width  from  300  to  1,000  feet,  extend  in  a  nearly  level 
pl*iD,  generttUy  above  ordinaiy  high-water  mark,  from  the  bank  of  tbe  fork  to  the 
fooCcf  the  rocky  hills  on  each  aide.  Tbe  difierence  of  elevation  between  tbe  extreme 
ttagra  of  high  and  low  water  dimlQishes  as  the  fork  is  ascended,  and  it  often  happens 
that,  when  the  high  bottom-lands  uear  PIketon  ate  inundated,  the  low  landa  in  the 
Immediate  vicinity  of  Grundy  are  free  from  overflow. 

Tbe  are*  drained  by  that  portion  of  the  Louisa  Fork  lyinx  above  Piknton  la  about 
l^^sqnare  miles.  ^  there  are  no  records  of  tb«  atnoant  ot  raiu-fall  on  tbia  area,  It 
U  impuoaible  to  eetiiunte  tbe  average  annual  discbarge  of  the  fork,  but  ftotn  the  f^t 
tb«  rises  are  very  sudden,  aod  at  times  reach  5)  feet  above  low  wat«r  at  PIketon, 
ii  Ib  a  fair  iuference  that  a  very  large  portion  of  the  downfall  is  carried  off  by  the 

Tbe  area  nnder  cultivation  iseiceedinglj  small,  the  greater  portion  of  the  basin  being 
mide  up  of  precipitous  hills,  thickly  covered  with  trees.  Tbe  bed  of  the  river  is  rocky, 
and  its  slope  is  ao  steep  as  to  carry  off  water  with  great  rapidity. 

Tbe  valley  of  the  Louisa  Kork  is  crooked,  rough,  and  narrow,  and  in  in  many  places 
(aiflued,  for  a  considerable  distance,  to  a  narrow  passage  between  rooky  hills.  The 
stresm  meanders  from  side  to  side  of  its  valley,  alteroately  approaching  the  river  bills 
OB  one  side  aod  washing  their  bases  on  the  other,  tbna  affording  a  comparatively  eaay 
tod  ODobstnicted  land-paeaage  on  one  side,  and  effectually  preventing  each  a  road  on 
tbe  other.  The  banks  of  the  stream  between  Piketou  and  Kneeell  Fork,  about  12  milea 
•bove,  are  composed  mostly  of  sand ;  but  in  some  places  tbey  contain  loose  rock  and 
gnvel,  and  in  others  they  are  the  solid  cliffs  of  tne  bordering  hills.  Above  Bussell 
tork  the  banks  contain  verv  little  sand  or  mnd,  being  generitlly  composed  of  solid 
"Kt,  loose  rock,  or  gravel.  The  solid-rock  banks  are  foand  at  those  places  where  the 
moad tain-sides  are  washed  by  the  fork,  which  occurs  alternately  on  the  two  sides  of 
Iht  stream,  nsnolly  at  the  bends,  where  the  rock  walla  rise  perpendicularly  many  feet 
above  the  water.  The  bed  of  the  stream,  up  to  Russell  Fork,  is  composed  mostly  of  a 
deposit  of  fine  sand;  bat  in  some  plaoes,  especially  near  the  shoals,  we  find  loose  rock 
and  gravel.  Above  Russell  Fork  the  bed-rock  appears  almost  eveirwhere.  The  sand 
ttcttoms  near  the  mouths  of  tributaries  and  tbe  coarse  gravel-beds  of  shoals  are,  no 
doubt,  but  the  scanty  coverings  of  a  rock  bottom.  The  pools  are  of  various  lengths, 
depths,  and  widths.  The  longest  are  found  below  Russell  Forl^  those  above  being 
ancb  ihort«r  and  more  numerous.  The  shoals  are  natural  dams  for  holding  water  in 
IKb  pools,  and  the  latter  are  the  reservoirs  that  supply  the  Big  Sandy  River  during  drj 
Muims,  as  the  many  tributaries  below  Piketon  only  contribute  in  rainy  seosone 
tovsrd  maintaining  the  river's  supply.  Tbe  shoals,  which  are  very  numerous,  very 
tt*ep,  and  very  long,  are  generally  occasioued  by  a  reef  of  rocks,  together  with  more 
DT  loH  loose  rock  or  coarse  gravel,  running  entirely  across  the  bed  of  the  fork.  They 
mcnase  in  steepueas  and  length  as  the  stream  is  ascended,  so  much  so,  that  in  several 
places  a  auccessiou  of  shoals,  with  int«rveuing  short  pools  of  deep  water,  are  found, 
uteuding  over  a  distance  of  oue  or.more  miles. 

Dnritw  f^hets  the  ripples  entirely  disappear,  and  the  fork  beootnes  a  torrent  of  mad 
Katera,  uden  to  its  maximum  capacity  with  sediment.  The  Louisa  Fork,  up  to  the 
moDth  of  Bnasell  Fork,  has  nearly  a  uniform  width  of  350  feet,  but  above  this  point  it 
Tuin  in  width  ftom  100  to  ItiO  feet,  except  in  the  immediate  vloiuity  of  the  islauds, 
*lwM  it  sometimes  spreads  to  S50  feet  or  more. 

The  rirer-biLls  increase  in  height  as  the  fork  is  ascended,  their  average  height  above 
W-water  mark  bein^  about  TOO  feet. 

The  entire  population  of  tbe  baslu  of  Louisa  Fork  above  PIketon,  according  to  oensu* 
Klnroa  of  1B70,  is  about  1,400,  which  is  au  average  of  about  13  persons  to  each  squats 
BlIedraiQcd. 
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Piketon  is,  in  every  respect,  Ibe  moRt  important  tovn  in  the  monntain  section  of 
Esetifni  Kentocky.  Grnndy,  the  only  other  town  on  the  npper  portion  of  this  fork, 
is  an  iso)Kt«d  vU1sit«  of  no  importance,  hemmed  in  on  rU  sides  b;  hi^h  mountains. 

The  length  of  the  Louisa  Fork,  from  Piketon  to  the  month  of  Dismal  Creefc,  is  61 
miles,  and  the  total  distance  from  Catlettsbiirgb,  Ky.,  (at  the  mouth  of  the  Big  Sand; 
Biver,)  to  Dismal  Cieek  is  165  miles.  The  aveinge  nse  np  to  Russell  Fork  is  IJ^  feet 
per  mile ;  above  this  point  it  increases  to  S.tffi  feet  per  mile. 


GRNBRAI.  RBMARSS. 

Tbe  foUmring  list  gives  the  appioximate  lengths  of  the  principal  tribntariesof  Louisa 
Fork: 

Mile*. 

iBlaod  Creek 8 

Shelby  Creek '. 50 

RussdlFck eo 

Big  Creek 7 

HnnicatieCre^ SO 

Bull  Creek 8 

Big  Prater  Creek 8 

Diurnal  Creak ,. 30 

The  Kassell  Fork  is  the  longest  and  most  important  feeder  of  Louisa  Fork,  and  it 
flows  tbroQgh  a  gap  in  the  Cnniberisnd  Mountains  over  a  series  of  rock-bottomed  falls 
between  high  perpendicular  banks.  The  valley  of  this  fork,  as  well  as  those  of  tbe 
other  tribotaries,  bos  similar  senersl  featores  to  that  of  the  main  stream. 

The  water-supply  of  tbe  Louisa  Fork  was  approximately  gauged  at  two  points  vrheD 
tbe  stream  ivaa  in  different  conditions.  Tbe  discbarge  at  Vance  Shoal  was  taken 
when  tbe  depth  of  the  water  was  6  ftret,  or  S  feet  shove  rafting  stage,  and  still  rising, 
and  it  gave  about  2.71)6  cubic  feet  per  second,  with  a  velocity  of  4  mites  per  hour.  Tlie 
gauging  at  Conawsy  Shoal,  when  the  fork  was  2  feet  above  low-water  mark,  or  below 
rafting  stage,  gave  a  discharge  of  3G0  cubic  feet  per  second. 

The  duration  and  the  kind  of  navigation  of  the  Louisa  Fork  during  each  season  are 
as  follows  :  Steamboat  naviKatiou  from  the  mouth  of  Piketon,  Ky.,  is  practicable  about 
four  months  each  year,  and  at  other  times,  except  when  the  stream  is  at  its  loweat 
mark,  trade  is  continued  successfully  by  means  of  "push-boats." 

Tbe  steamboats  that  navigate  Ibis  fork  are  flat-bottomed,  with  square-raked  bows. 
They  draw  30  inches  with  a  load  ot  30  tons,  and  are  G5  feet  long,  with  10  feet  beam. 
The  highest  point  usually  reached  by  them  is  Piketon,  but  occasionally  during  the 
season  just  past  they  ascended  to  tbe  mouth  of  Russell  Fork,  and  one  trip  was  made 
about  4  miles  up  this  fork.  Steaiuboats  find  great  diEQculty  in  getting  to  Russell  Fork, 
especially  in  oroeeiag  the  shoals,  where  tbe  swiftness  of  the  water  is  too  great  for  the 
propelling  power  of  tbe  boat,  and  they  are  compelled  to  warp  up  by  capstan  and  line. 
The  shortness  of  tbe  distance  through  which  the  great  descents  occur,  and  the 
increase  in  velocity  at  every  iocreaae  of  volume,  mate  navigation  so  difflcnlt,  that, 
during  freshets,  the  fork  cauuot  be  oaceaded  at  all.  Tbe  highest  point  ever  readied, 
even  by  "  push-boats,"  was  Hackney's  Creek,  about  3U  miles  above  Piketon,  and,  aa 
this  happened  many  ^ ears  ago,  it  is  supposable  that  tbe  diJBculties  in  paasiDE  the 
shoals  and  the  uaoertain  etogesof  water  in  the  fork  prevented  the  continuation  ofthaC 
laborious  mode  of  transportation  to  any  great  distance  above  Piketon.  Tbe  people, 
aa  far  up  as  tbe  State-Uue,  <Iu  all  their  trausportation  iu  canoes,  when  the  water  will 
permit,  and  at  other  times  their  commodities  are  either  packed  by  mules  and  horses 
or  hauled  in  wagons.  In  Kentucky  there  is  a  narrow  dirt-road  following  the  meaD~ 
detings  of  tbe  fork,  on  one  side  or  tbe  other,  throughout  its  entire  length ;  but  it  is 
not  giaded  nor  rained  altove  the  natural  surface,  aud  consequently  at  every  freijiet  it 
is  washed  away  in  many  places,  generally  where  it  crosses  the  tributaries.  In  Virginia, 
however,  there  is  a  mncddamized  turnpike  in  good  repair,  aud  generally  above liigb- 
watei  mark. 

The  only  practical  or  profitable  use  of  the  Louisa  Fork  is  for  rafting  logs  at  oertain 
stages  of  water.  They  are  formed  into  half  rafts,  <30  feet  long  and  from  llj  to  20  feet 
wide,  and  containing  about  HQO  feet  of  lumber.  Theae  rafts  consist  almost  entirely  of 
poplar  logs,  averaging  not  over  30  inches  in  diameter ;  but  occasionally  a  small  ran,  of 
walnut  logs  is  taken  ouL  Tbe  heavier  woods  and  toga  of  poplar  of  a  greater  diameter 
than  30  incbea  are  but  seldom  rafted,  on  accoaut  of  tbe  slight  depth  of  water  during 
the  rafting  stage.  This  stage  occurs  at  irregular  intervals  during  the  winter  and 
spring,  the  maximum  depth  being  4  feet  above  low-water  mark  and  the  minimum  3 
leet  I  tiiis  gives  the  raftsmen  in  tbe  immediate  vicinity  of  Orundy  a  margin  of  li2  iacbea 
for  their  work.  A  rise  of  3  feet  at  Grnndy  gives  snfflcient  water  to  float  tbe  deepest 
raft  over  the  shallowest  shoal  in  Kentucky,  and  a  rise  of  4  feet  at  the  some  poiut,  pro- 
vided it  comes  only  from  above,  gives  tbe  maiimnm  limit  of  a  safe  rafting  stage. 
When  tbe  rise  is  general  in  all  the  tribatariea,  with  thesamedeptbof  4  feet  at  Grundy, 
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rafting  Is  impossible,  1>e«aiiee  the  velocity  of  tbe  stream  becouiea  so  great  that  tbe 
nfU  &re  iiiiiiiaoaj;;eftble  and  cannot  be  kept  in  the  ohmine],  either  in  roauding  the 
shup  bends  or  in  paKsinj;;  other  obstmctions. 

The  metcwitUe  prodncte  of  the  Talleya  of  the  npper  portion  of  Louisa  Forh  »nd  its 
tributaries,  especiali;  in  Kentnck;,  go  overland  to  Piketon,  In  be  shipped,  according 
totheieasou,  either  by  gteamboat  or  paah-lioat  to  markets  on  tbe  Oliio  River.  The 
principtl  eipona,  beside*  lombei,  are  tbe  asnal  accumulations  of  country  stores,  snch 
H  medicinal  herbs,  skins,  furs,  and  dried  fruiL 

Pike  Connty  contains  about  50  ^uare  miles,  and  ia  drained  by  many  tributarien  of 
tbe  Loaisa  Foik  wMch  flow  through  it.  Tbe  taxable  property  of  this  county  is  esti- 
mated at  (2,000,000,  and  it  is  more  populous  than  any  other  of  the  Big  8audy  Valley 

Tbefollowing  statistics  of  tbe  prodnetsof  Pike  County  for  the  year  1874,  and  of  their 
Tslite,  were  kindly  furnished  by  Hon.  John  Dils,  of  Piketon,  Ky. : 

Cora,  500,000  bushels $300,000 

Wheat.  30,000  buBbeis 30,000 

Orts,  K,000  bushels 11,350 

Dried  peaches,  40,000  bushels .■ 40,000 

Dried  ipples,  10,000  bushels 10,000 

Uedidnal  herbs,  bees- wax,  boney,  furs,  skins,  &,q . • 25,000 

Umber 75,000 

Total 491.350 

The  exports  will  average  about  $250,000  eaCh  year,  and  it  ia  estiii)at«d  that  tbe  im- 
pOTU  largely  exceed  the  value  of  exports,  altbough  nothing  definite  can  be  obtained 
ujDceming  them  from  the  merchants.  Mr.  Dils  says  that  a  safe  and  cheap  meaoa  of 
tniaportation  would  more  than  double  tbe  resources  of  this  country, 

The  Virginia  basin  of  this  fork  and  the  adjoining  sections  in  West  Virginia  have 
anoTeiland  outlet  for  trade  at  Saltsville,  Va.,  a  statiou  on  a  branch  of  tbe  railroad 
from  Lynchbnreh  to  KnoxvUle.  Tbe  espeoBe  of  hauling  mercbaudise  60  milea  or 
more  over  rongn  mountain -roads  greatly  increases  tbe  first  cost  of  the  goods.  Tbe 
afflifjate  values  of  the  exports  and  imports  were  kindly  fiirnished  by  Mr.  John  N. 
Wittms,  of  Grandy,  Va,  He  places  them  at  $400,000  per  annam.  This  trade  would 
DUnrally  flow  to  tbe  centers  of  supply  on  tbe  Ohio  River,  were  there  any  means  of 
irantportation  to  those  markets. 

Luicber  in  tbe  shape  of  logs  is  tbe  chief  article  of  export,  but  many  other  products, 
nch  M  herbe,  skins,  wool,  feathers,  and  dried  Iruit,  are  yearly  shipped  in  large  quau- 


The  bottom-lands  are  generally  planted  in  com,  but  only  in  sucb  quantities  as  to 
tiDDif  the  inhabitants  and  tbe  cattle  that  are  employed  in  lumberine. 
The  valleys  are  very  well  adapted  both  in  climate  and  iu  soil  to  trnit-groning,  and 


-  a  very  rare  occurrence  fur  orchards  to  fail  to  yield  au  average  crop  each  year. 
The  (oil  is  also  well  adapted  to  tbe  culture  of  tobacco,  but  at  present  only  enough 
ia  raised  for  home  consumption.  Stock-raising  ia  not  carried  on  to  any  great  extent, 
■llbongb  there  are  excellent  grazing-landa  in  this  valley  covered  with  blue-grass  of 
spoataneona  growth.  The  mountain-sides  are  covered  with  dense  forests  of  valuable 
tnee,n'hicb  have  the  appearance  of  being  able  to  fumisb  an  almost  inexhaostible  sup- 
ply of  timber. 

Tbe  forests  on  the  banks  of  the  npper  portion  of  Louisa  Fork  have  fi>i  years  past 
funitihed  a  large  amonnt  of  tbe  vboicest  and  best  lumber  for  the  manufsctoriea  on  the 
Ohio  Biier.  Althongh  large  quantities  of  timber  have  been  taken  from  this  section, 
there  yet  remain  many  mountains  whose  river-slopes  are  covered  with  excellent  trees 
which  can  readily  be  pnt  into  the  water  at  a  small  eipeise. 

Tbe  great  fall  in  many  of  the  shoals  gives  suEBcient  power  for  milling  purposes,  and 
Sve  mills  at  different  sboals  have  availed  tbemaelves  of  these  advantages  for  grinding 
P»in  fiir  tbe  snrronnding  country.  These  rudely-constructed  grist-mflls,  whose  aver- 
age yield,  at  the  moat,  is  about  20  busbeU  daily,  often  have  saw-mills  in  connection 
«iih  tbem,  bnt  their  capacities  are  only  sufficient  for  sawing  what  lumber  is  required 
iDT  the  limited  trade  of  the  country. 

Tbe  rafting  of  logs  has  en^ged  the  inhabitants  of  this  entire  valley  to  sucb  an  ex- 
lent  that  their  farms  are  left  nncnltivated,  or,  even  if  cnltivation  is  attempted,  it  is 
Pwrly  done,  and  is  limited  to  what  is  ba.ely  sufQcient  for  home-wants.  It  is  for  these 
fMwns  that  there  is  sucb  a  scarcity  of  farm- products.  A  company  was  formed  a  few 
y**n  api,  called  the  Pennsylvania  Company,  to  go  extensively  into  the  rafting  husi- 
■»«■  They  erected  "  booms"  in  Ri'sseU  Fork,  near  its  moutb,  for  catching  the  logs 
IhroHn  into  it  froQi  the  mountain-sides  above ;  but  the  many  disasters  that  attended 
Chisiniiiner  of  storing  logs,  duo  to  tbe  sudden  freshets  washing  away  the  "booms," 
°"Kpelled  the  abandonment  of  tbe  enterprise  after  conaiderable  loss  bad  beeo  ■nst^Dea- 
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A  neir  conipaQy  bas  tAken  ponaefraian  of  the  old  oompany's  effecta,  and  iatend  to  con- 
tinne  to  ran  logs  to  the  Ohio  River.  There  is  no  maaatiicturiaK  of  woodeu  ware  in 
this  valley. 

Thm  entire  country  ia  goolof^cally  situated  iu  the  Appalachian  region  of  theCarbon- 
ireroilH  age,  which  ioclndeB  the  coal- measures  of  Western  Pentivrlvania,  West  Virginia, 
Buchanan  and  Wise  Connties,  Virginia,  And  the  eastern  part  of  Kentucky. 

There  has  not  been  any  special  geological  examiDatiun  of  this  coautry,  and  nil  that 
is  knoirn  concerning  its  formation  has  been  learned  by  means  of  the  oiitornppingv 
aloDS  the  mads  ana  creeks,  or  from  similar  formations  of  this  same  period  in  other 
localities  nbere  tuvestigatiuns  have  been  made.  The  exposures  at  various  places 
show  many  tine  developments  of  coal  of  excellent  quality  and  in  beils  of  varying 
thickness. 

The  iiun-orvH  ore  not  of  sufflcient  tbicknoss  or  abnndance  to  require  special  notice. 

The  gaudy  Bidge  Isageologicul  division  betiveeu  tholitnestonnaud  saudstoneforma' 
tion  of  the  Appalachian  regio'i,  and  on  its  western  side,  which  is  drained  by  the  Loniaa 
Fork,  it  contains  many  course  grayish  conglome -atfls  and  sandfltouBK. 

The  relations  of  tho  sandstones,  shales,  &e.,  that  alternate  with  the  coal-bods  in  this 
section  are  but  partly  understood.  In  the  vicinity  of  Grndy,  and  in  other  parts  of 
the  valley,  a  buhr-stone,  a  cellular,  flinty,  and  siliceous  rock  of  a  white  color,  oocnrs  in 
beds  several  feet  thick.  The  millers  of  this  valley  use  it  in  their  mills,  and  aay  that 
while  it  has  no  superior  for  grinding  corn,  it  is  not  as  good  aa  the  French  hnhr-stone 
for  wheat. 

It  will  he  proper  to  describe,  in  a  general  manner,  theobataclee  that  always  give  the 
raftsmen  trouble  during  the  rafting  seaaon.  The  great  demand  for  good  lumber  indnced 
the  ratlsmen  to  procure  their  supplies  from  the  heavily- wooded  country  above  Piketon, 
but  before  they  could  be  transi>ortud,  many  of  the  shar[>eBt  bends  bad  !«  be  straigbt* 
ened,  and  some  of  the  more  dangerous  rocks  had  to  be  removed  from  the  channel.  The 
amoubit  of  work  done  in  improving  the  channel  waa  the  minimum  that  would  at  all 
answer  the  purpose.  The  benda  are  atill  aeriona  obatacles  to  rafting,  as  it  is  very  diffi- 
cult for  the  raftsmen  to  keep  their  raft«  from  striking  the  shores,  more  eapeoially  where, 
as  is  often  the  case,  there  la  a  shoal  juat  above  the  bend.  The  diCBonlty  is  further 
increased  hy  the  danger  of  being  "  atove-up  "  ou  the  rocka  that  are  often  found  in  tbeoe 
places.  The  abuudance  of  ialands  ia  a  peculiar  feature  of  the  upper  portion  of  Ijouisa 
Fork.  They  are  guueratly  found  in  clusters,  with  narrow  and  snalluw  chutes  between 
then),  thus  spreading  the  stream  over  a  wide  area,  and  so  rednciug  the  volume  ia  the 
main  chnte  as  to  make  it  narrow  and  ahallow.  In  Kentucky  the  aboals  are  generally 
very  shallow,  and  it  would  be  very  odvantageoas  if  they  oould  be  excavated  a  feiv 
feet,  in  order  t^  let  ratls  float  over  them  at  a  lower  stage  than  is  now  available. 

During  the  rafting  seaaon  the  raflan  en  are  not  aerioualy  inconvenienced  by  the  mill- 
dama,  nor  by  leaning  trees  or  snaga,  the  latter  being  only  expoaed  at  low  water. 

A  general  improvement  of  the  fork  by  oloaiug  island  obtites,  widening  and  straight' 
euing  the  channel  at  a  number  of  diflicuft  plw  es,  eod  removing  rocka  and  other  obatrac- 
tione,  would  lengthen  the  rsfiing  season,  and  would  permit  tbe  running  out  of  rafts 
with  less  expense  and  labor  and  with  greater  safety  tban  ever  before.  The  following 
Mtlnate  Is  approximately  the  coat  of  improving  tbe  upper  portion  of  Louisa  Fork. 

In  many  places  the  materiala  taken  froui  the  aboals  and  islands  can  be  nsed  odran- 
tageously  in  cloeing  the  chutes  at  no  further  increase  of  exiwuse.  In  almost  all  oases 
the  work  wotild  be  "  dry  work." 

Closing  8  ohates  by  dams  of  hrnah  and  atone,  at  (300 £1,600 

Straightening  9  bends  by  cutting  off  points,  at  $400 3,600 

18,000  cubic  yards  earth-ex oavation  at  shoals,  at  WoeDts 9,000 

fiOO  cubic  yards  rock-excavation  at  shoals,  atjS I,SO0 

Removing  overhanging  trees 1,000 

16,400 
Contingencies,  &.C,  10  per  cent 1,640 

Total  coat 18  040 

It  would  be  a  great  benefit  to  lumber-navigation  if  any  sum  of  money  were  appropri- 
ated and  Judiciously  expended  in  straightening  tbe  sharpest  bends  and  in  removing  tbe 
worst  obetructions.  If  it  does  not  seem  advisable  to  make  the  expenditure  detailed 
above,  it  is  respectfally  snggested  that  at  least  £3,000  ought  to  be  expended  in  improT- 
ing  tbe  cbann^  at  tbe  worst  places. 

The  improvement  recommended  of  the  Louisa  Fork,  above  Piketon,  to  which  this 
report  is  limited,  is  only  for  the  removal  of  those  serious  obstructions  that  are  con- 
stantly met  in  transporting  lumber  during  the  rafting  stage,  it  being  scarcely  probable 
that  any  improvement,  except  by  locks  and  dams,  wonld  benefit  navigation  in  this 
fork  to  such  an  extent  as  to  induoe  merchants  near  tbe  headwaters  to  open  trade  oom- 
mnnioations  by  means  of  boats.    The  proposed  improvement  will   srobablf  permit 
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paab-boaCa  to  aseend  the  fork  hi|{hei  than  ever  bsforel;  but  the;  wUl  certaialy  meet, 
in  the  aecension,  even  when  the  atrenm  is  most  favorable  for  navlgatioa,  maoy  eerions 
abalmctiouB,  that  will  Lave  a  tendeocf  to  make  this  mode  of  traaaportatioa  unfavora- 
ble, aa  well  aa  aaprofitable.  Tbe  coal-deposits  would  cot  be  an;  iDdaoemeot  for 
mproving  tbiB  fork  by  any  of  the  known  meaoB,  aa  excellent  beds  of  this  formation  ate 
fniiiid  nearer  the  mouth  of  tbe  river. 

It  wQuld  be  an  unwise  expenditure  of  mone;  to  improre  the  npper  portion  of  Louisa 
Fork  b;  means  of  locks  and  dams,  even  if  the  busineaa  i>f  the  valley  were  of  sacb  ma^- 
nitaJe  aa  to  require  it,  aa  long  as  tbe  fork  below  Fiketon  remains  in  its  present  nnnavi- 
pble  condition. 

Tbe  following  table  zivoa  tbe  elevations  and  distances  of  various  points  on  tbe 
LoGJsB  Fork  of  the  Big  Sandy  River. 

Tlie  elevations  are  only  for  the  lower  eDds  of  tbe  shoals ;  but  the  rise  of  each  shoal 
sDil  its  length  are  given  in  separate  colnmns. 

LoHlta  Fork  qf  the  Big  Sandy  Biver. 
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United  States  Engineee  Opficb, 

Cincinnati,  Ohio,  March  9, 1876. 

Genbbal:  I  have  the  honor  herewitli  to  trausmit  the  report  on  the 
"Allegheny  Eiver  below  Freeport,  Pa.,"  and  on  the  "Allegheny  Kiver 
near  Pittsburgh,  Pa.,"  ordered  in  the  river  and  harbor  bill  approved 
March  3,  1875.  These  surveys  were  assigned  to  my  ehaige  by  yoar 
letter  of  Mnrch  22,  1875.  The  instructions  which  I  received  directed  me 
to  make  a  careful  survey  of  so  much  of  the  Allegheny  River  as  lay  with- 
ui  the  limits  of  the  city  of  Pittsbnrgbt  and  to  make  a  reconnaissance 
survey  of  that  portion  between  the  uppfer  city  limits  and  Freeport.  I 
assigned  the  charge  of  these  isurveys  to  Lieut.  F.  A.  Mahau,  Corps  of 
Eugineers,  who  was  assisted  by  I.  Y.  Hoag,  Jr.,  civil  engineer.  Lieu- 
tent  Mahan'a  report  is  herewith  forwarded.  It  has  been  kept  back  until 
DOW  to  await  the  completion  of  the  maps. 

The  distance  from  Freeport  to  the  mouth  of  the  Allegheny  is  a  little 
more  than  30  miles,  and  to  the  city  limits  of  Pittsburgh  is  nearly  22 
miles.  The  length  of  river  within  the  corporation  limits  of  Pittsburgh 
is  8^  miles.  This  distance  was  surveyed  with  great  care,  and  has  been 
platted  on  the  scale  of  1  inch  to  200  feet,  which  is  the  same  scale  as  that 
adopted  for  the  surrey  of  the  Monongahela  and  the  Ohio  portions  of  the 
harbor  of  Pittsburgh,  made  by  Lieutenant  Mahan  in  1874,  By  combio- 
iDg  these  two  maps  a  complete  map  can  be  obtained  of  the  water-froot 
of  Pittsburgh,  and  it  will  also  include  all  the  wnter-front  of  Allegheny 
City,  except  the  portion  opposite  Brunot's  Island,  which  was  surveyed 
in  1870.  Therefore  our  maps  of  the  harbors  of  these  important  river 
cities  are  now  complete. 

The  fall  of  the  Allegheny  between  Freeport  and  its  mouth,  as  shown 
by  the  profile,  is  52.11  feet.  On  account  of  the  extraordinary  rains  and 
&>ods  of  July  and  August,  the  reconnoitering  party  engaged  on  the 
piece  of  river  lying  above  Pittsburgh  could  not  obtain  a  low-water  pro- 
file, as  the  least  water  found  on  the  shoals  during  the  time  of  the  exam- 
ination was  3  feet.  The  water-surface  on  this  part  of  the  line  has  been 
platted  without  reduction  to  low  water,  as  such  reduction  could  not  be 
made  with  accuracy.  It  is  well  known  that  the  fall  at  the  head  of  a 
natural  pool  is  always  much  greater  than  at  its  foot,  and  that  the  sor- 
fece  at  ripples  or  bars  is  less  affected  by  a  decrease  in  the  supply  of 
water  than  the  .surfaces  of  pools.  However  a  radical  improvement  of 
the  navigation  that  will  give  adequate  depths  at  all  times  will  uecessi- 
tate  permanent  or  movable  dams,  and  for  such  works  an  exact  knowledge 
of  the  low-water  profile  is  not  necessary.  The  survey  of  that  part  of  the 
river  within  the  city  limits  was  made  more  carefully,  and  it  shows  the 
low-water  surface. 

The  chief  articles  of  commerce  on  the  Allegheny  Biver  are  lamber 
and  petroleum.  I  am  satisfied  that  the  lumber  interest  would  prefer 
the  river  in  its  present  condition,  as  they  cannot  do  any  rafting  except 
when  the  small  streams  near  headwaters  are  full ;  and  when  this  is  the 
case  the  main  river  has  a  sufficiency  of  water,  and  no  time  is  lost  in 
passingthronghlocks,  nor  are  they  compelled  to  steer  theirrafts  through 
navigation  passes,  which,  however  wide  they  may  be,  mast  yet  of  ueces- 
fiity  be  less  wid^  than  the  unobstructed  river. 
As  regards  the  wishes  of  the  petroleum  or  oil  interest  aa  to  the  river 
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improTement,  I  cauoot  speak  with  certainty,  as  uo  person  in  tliis  inter- 
est bas  communicated  with  me  on  this  subject ;  bat  Lieutenant  Mabaa 
slates  that  tfaere  is  a  general  deHire  for  slackwater  on  the  part  of  the 
bargemen  who  transport  oil  to  Pittsbnrgh.  Petroleum  being  a  floid 
product,  is  capable  of  transportation  bj  gravity,  and  this  quality  bas 
already  been  largely  atilized  by  the  constrnction  of  "  pipe  lines,"  by 
which  it  is  made  to  flow  through  long  lines  of  pipe  jast  as  water  is  de- 
livered in  cities.  The  viscosity  of  the  fluid  nses  up  the  initial  bead  in 
a  relatively  short  distance;  but  by  eHtabllsbing  ralays  of  pnmps  the 
head  can  be  regained  from  time  to  time  uutil  the  fluid  reaches  its  des- 
tination. 

This  system  bas  been  used  for  several  years  in  delivering  oil  for  short 
distances ;  but  it  is  only  lately  that  attempts  have  been  made  to  deliver 
in  this  manner  at  Pittsburgh.  Whether  this  new  method  of  transpor- 
tation will  prove  a  success  and  pnt  im  end  to  transportation  of  oil  Id 
barges,  it  would  be  premature  to  predict;  but  it  woald  seem  to  be  pru- 
dent to  wait  a  short  time  to  ascertain  this  fact  before  incurring  expenses 
that  might  prove  unnecessary  and  nuremunerative.  With  these  views, 
I  do  not  feel  called  upon  to  recommend  any  work  for  the  present  on  the 
Allegheny  above  the  limits  of  Pittsburgh. 

Within  the  city  limits  there  is  a  work  that  is  important  in  itself  as  a 
very  necessary  improvement  of  the  Allegheny  Harbor  of  Pittsburgh. 
This  is  the  construction  of  a  lock  and  dam  about  midway  of  the  Alle- 
gheny Harbor.  This  work  will  necessarily  be  the  first  to  be  built  iu 
case  Congress  should  decide  to  improve  the  navigation  of  the  Allegheuy 
River,  and  the  doubts  that  may  fairly  arise  as  to  the  advisability  of  the 
other  dams  do  not  apply  to  this  one,  as  there  are  strong  independent 
reasons  for  this  work.  From  its  mouth  to  the  city  limits,  a  distance  of 
8.3  miles,  the  Allegheny  is  lined  on  both  sides  with  important  industrial 
establishments,  mostly  connected  with  the  iron  or  jietioleum  industries. 
These  establishments  urgently  call  for  permanent  water-communication 
with  the  Ohio,  and  the  great  value  of  their  prodncts  and  the  value  to 
the  whole  country  of  the  productions  of  our  most  important  manu- 
&ctiiring  center  seem  to  justify  the  necessary  expenditure,  even  thoogh 
the  river  above  should  be  neglected. 

The  proper  site  for  this  dam  is  at  the  16th  (Mechanics')  Street 
Bridge.  This  site  is  definitely  fixed  by  the  fact  that  the  movable  dam 
projected  on  the  Ohio  at  Davis's  Island  will  give  6  feet  of  water  at  alt 
stages -up  to  this  point.  This,  therefore,  is  the  proper  location  for  the 
next  dam,  on  the  supposition  that  6  feet  is  established  as  the  minimnm 
to  be  allowed  anywhere  in  Pittsburgh  Harbor. 

It  is  my  opiniou  that  the  dam  in  question  should  be  a  movable  dam, 
but  that  the  width  of  navigable  pass  need  not  exceed  200  feet,  as  the 
absence  of  navigation  by  large  fieets  will  make  this  width  ample  for 
all  purposes  that  can  now  be  foreseen,  and  for  the  additional  reason  that 
there  would  be  no  serious  difBculty  in  widening  this  pass  at  a  futare 
date  should  it  be  found  necessary. 

The  best  size  of  lock  to  be  used  in  connection  with  this  dam  depends 
entirely  upon  the  kind  of  steamboats  and  barges  used  on  the  Allegheny 
and  that  probably  will  be  used  after  this  dam  is  built.  Tbis  is  a  stady 
that  had  better  be  postponed  until  actual  constrnction  is  probable,  but  for 
tbe  purposes  of  this  estimate,  I  will  assnme  that  the  lock  slioald  be  of 
the  same  size  as  the  one  now  under  construction  on  the  Monongahela, 
near  Morgantowu,  namely  :  200  feet  between  mitre-sills,  and  50  feet  in 
clear  width. 

Tbe  limited  allotment  for  the  snrvey,  and  tbe  necessity  of  preparing 
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the  maps  before  selecting  the  sites  for  the  tlams,  made  it  impracticable 
to  determine  the  exact  character  of  foandatioD  by  boring.  From  the 
information  that  was  obtained  I  am  led  to  beliere  that  all  the  sites  are 
OTerlain  with  gravel  to  snch  a  depth  as  to  prevent  reaching;  rock  at 
moderate  cost.  I  therefore  make  my  estimates  on  the  supposition  of  a 
gravel  foandation. 

ONE   MOVABLE  DAM   AMD   LOCK   IN   RARBOH  OP  PrTrSBUROH. 

One  lock,  200  by  50 *65,000 

NivLgBble  pass,  200  feet,  at  t>26.91 45,392 

Uw  B-ier,  350  feet,  fit  $212.06 74,228 

Highwier,  350  feel,  at  J112.49 39,;ffl 

Two  piere,  at  f5,351 10.702 

UwoBry  abutment 10,375 

245,058 
Conlingenciea,  10  per  cent 24,606 

269,564 

For  reference,  I  add  an  approximate  estimate  of  improving  tbe  river 
from  it«  month  to  Freeport  by  five  permanent  dams,  with  an  average 

liftof  Ufeet. 

SlMk»,2001a7  50 $325,000 

SmMonrjftbDtmenU,  ftt|4,500 33,500 

5,3afMtof  timber  dam,  at  865 348,075 

695,575 
CoqiiiiKeiiciea  (Hid  engiiieeriiig,  10  per  coat 69,557 

765, 132 

It  will  be  seen  fi^m  the  above  that  a  permanent  dam  within  the  city 
limits  woald  not  cost  more  than  55  per  cent,  of  a  movable  dam.  Coder 
Uiese  cu-camstances  the  choice  between  the  two  might  very  properly  be 
left  to  the  parties  most  interested. 

This  report  is  accompanied  by  a  map  of  the  porttOD  of  river  snrveyed. 
It  is  in  two  parts:  one  embracing  that  part  of  tbe  river  within  the  lim- 
itsof  the  city  of  Pittsburgh,  and  the  other  that  portion  above  the  city. 
Begpectfnlly  submitted. 

Wu.  E.  MbbRill, 

Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphbxitu, 

Chief  of  Engineers,  J7.  8.  A. 


BBFORT  Oy  LIBDT  F.   A.   MAHAN,    CORPS  Of  RNOISEBRi. 

UNrrsD  States  Ekoineer  Office, 

Cincinnati,  Ohio,  Decentber  15, 1875. 

Sir  :  I  have  tbe  honor  to  report  the  following  result  of  the  work  done  on  the  Alls 
peif  Birer,  Pennsylvania,  daring  the  past  gnmmer.  ' 

^onr  iDBtmetiona  to  nie  were  to  go  to  Pittsborgh,  Pa.,  and,  alter  making  ap  my  party, 
to  make  ■  reoonnalBsance  and  Borvey  of  the  Allegheny  River  from  Freeport  to  the 
■^th.  The  reoonnaiasauoe  was  to  cover  that  part  of  the  river  oataide  of  the  limit*  ot 
^  city  of  Pitubnrgh,  and  the  enrvey  was  to  cover  the  part  within  tboae  limita. 

In  compliance  with  yonr  orders,  I  left  Cincinnati  on  the  9th  of  Jnly  and  arrived  iii 
"ttebnrgh  on  the  10th.     Onmy  arrival  1  fonndthat  my  a-wistant.Hr.HoBg.had partly   t  ^ 


164 

organized  tbe  party,  of  which  I  completed  tbe  orKanization.  The  party  was  divided 
iulo  two  seotiouB,  I  taking  direct  charffe  of  the  first  and  Mr.  Hoa);  of  the  secund. 

Tbe  work  of  my  Bection  coneisl-ed  in  determining  the  tUII  of  the  river  between  Free- 
port  And  tbe  muutb.aad  in  makiDg  the  reconnaiBaanoe  between  Freepnrt  and  Slade'a 
Buo,  which  ts  tbe  bonndftry-llne  of  the  city  of  Pittsburgh.  Mr.  Hoag-'a  party  bad  the 
survey  and  BoandiDga  between  Slade'a  Run  and  the  month.  The  length  of  tbe  river 
oovered  by  tbe  reconnaiBsaDce  was  31.T  miles,  and  that  covered  by  tbe  eurve;  was  tj.3 
miles. 

Work  wan  very  much  impeded  by  the  oonHtant  lains  and  high  wat«r  of  tb«  latter 
part  of  July  and  the  beginning  of  August.     As  an  example  of  thia  I  will  state  the  ex- 

¥irience  of  my  party  in  running  the  levels  down  the  river:  We  began  leTeling  on 
ueedav  morning,  July  13,  and  ended  at  noon  ou  Friday,  July  S.'),  during  which  time  we 
should  have  had  112  working- hours,  but,  aa  a  matter  of  fact,  it  raiued  fiir  72  hours,  and 
we  worked  bat  40  Lounj.  Cooaerjnently  I  did  not  complete  my  work  until  a  inooth 
later  than  I  expected.  In  making  out  my  eatimutu  of  the  amount  reiiuired  to  do  the 
work,  I  allowed  for  only  33  per  cent,  of  the  time  being  lost  by  rains  ;  but  whon  that 
percentage  was  increaaed  to  64  in  the  beginning  of  the  eea»on  it  will  lie  readily  seen 
that  thu  lust  part  of  the  work  had  to  be  very  much  hurried  in  order  rliat  the  fnuds 
provided  for  the  work  alionid  not  be  overrun.  Owing  to  tbeae  causes  tbe  results  of  my 
work  are  not  as  eatiafactory  as  I  should  wish  to  have  them,  especially  in  almost  the 
most  importBUt  point,  viz,  in  the  determination  of  the  fall  of  the  river,  which  is 
not  the  low  water  fall,  oh  it  eboutd  l)e.  However,  I  tbiuk  that  for  all  pnrpiiaee  of  a 
leconuaissauce  it  is  a  au £Bci en tly  close  approximation,  and  ia  certainly  serviceaUe  in 
case  any  future  work  should  be  done  on  the  Allegheny. 

The  Allegheny  River  rises  in  Potter  County,  Pennaylvania,  from  whence  it  parsties 
a  north WHacerly  course  to  Salamaaca,  N.  Y. ;  thence  it  runa  southwest  to  Franklin ; 
tbence  to  Mahoning  it  runs  southeast ;  thence  to  Pittsburgh  it  runs  aoathwest  azain. 

A  very  steady  source  of  its  water  supply  is  to  be  found  in  Lake  Chautauqua  and  the 
neighboring  ponds,  in  Chautauqua  Couuty,  New  York.  These  bodiea  empty  into  th« 
river  through  Conewango  Creak,  which  is  the  first  of  the  principal  tributaries  of  the 
Allegheny,  which  it  juius  at  Wurren. 

The  principal  tributorise  are  Conewango  Creek,  iuat  mentioned ;  Tloneeta  Creek, 
joininoatTiouestai  Oil  Creek,  joining  at  Oil  City;  Bed  Bank  Creek,  joining  at  Rod 
Bank  Furnaoe:  the  Clarion  River,  joining  at  Foiburg;  Mahoning  Creek,  joining  at 
Uahonins;  and  tbe Kiskimioetis  (or  KiakiminitAs)  Rivnr,  joining  Juat  above  Preeport. 
Tbe  headwaters  of  the  Kiakiminetia  are  not  tar  from  the  Caatleman  Biver,  th«  main 
tributtiry  of  the  Yougbiogheny  River. 

Aa  tbe  act  of  Congress  approved  March  3,  1375,  under  which  this  examination  was 
made,  requires  it  to  extend  from  Freeport  to  tbe  mouth  of  the  river,  I  shall  only  tM>Q- 
sider  BO  much  of  the  river  as  is  fonod  below  tbe  moutb  of  tbe  Kiskiminetia. 

Thegsnerslconreeof  this  part  of  tbe  river  is  southwest.  The  bed  is  composed  almost 
wboUy  of  broken  sandstone  rock  and  of  gravel,  with  here  and  there  a  little  sand  and 
mad.  Wherever  the  rock  strata  are  visible  on  either  side  of  the  river  they  are  almoet 
horizontal,  consequently  I  infer  that  the  true  bed  of  tbe  river  is  of  rock  at  do  great 
depth  below  the  apparent  bottom,  but  of  this  I  cannot  be  anre,  as  I  made  no  borioes. 

The  river  is  composed  alternately  of  deep  pools  and  ripples,  tbe  latter  havioK  ^oep 
fialls  as  a  rule.  The  worst  ripples  are  Dock  Ripple,  just  opposite  the  mouth  of  the  Kia- 
kiminetis,  and  Garrison  Ripple,  at  the  head  of  Herra  Island.  The  channel  In  each  of 
these  is  bard  to  follow ;  the  water  is  shallow  and  the  current  awift.  Poketo  (pro- 
nouDced  Puck'-e-ty)  Ripple  baa  a  verj-  awift  current,  bnt  the  water  is  quite  deep  and 
the  channel  is  easily  followed.  Tbe  ripplea  at  Kiue-Mile  laland  and  at  Sii-Mile  Island 
are  shallow,  and  in  the  channel  of  the  latter  are  found  large  stones  that  make  it  dan- 
gerous far  passing  vessels.  In  all  those  mentioned  above,  there  is  a  marked  surfaee- 
break,  but  those  that  I  shall  next  name  are  without  this  break,  and  cannot,  therefore, 
I  think,  be  considered  really  as  ripples,  although  they  are  so  called,  viz:  Sligo  Ripple, 
Jack's  Ripple,  Lockhart'sliipple,  and  tbe  ripples  at  Metzgarand  at  Twelve-Mile  Island. 

The  pools  have  plenty  of  water,  being  in  every  case  very  deep,  there  being  many 

K*  ices  where,  in  low  water,  there  is  no  bottom  at  10  feet,  and  in  one  pool  knovrn  aa 
gan'a  Eddy,  there  isone  stretch  where  there  is  no  bottom  at  16  feet,  and  another  where 
there  is  none  at  25  feet. 

Tbe  country  along  the  river  is  not  well  adapted  to  agriculture,  owing  to  the  Binall 
amount  of  space  occupied  by  the  bottom-landa  and  to  quantities  of  stone  fonnd  in  the 
groand  near  the  hills,  nor  does  it  appear  to  possesa  any  particnlar  mineral  wealth,  al- 
though I  did  see  a  great  many  quarries  of  good  sandstone  that  looked  as  thougb  it 
miehc  make  a  good  building  material. 

The  towns  are  all  small,  Freeport  being  the  largest.  It  is  here  that  the  railroad  to 
Bntler  branches  off  f^om  the  West  Pennsylvania  Railroad.  The  indnstries  here  are  oil- 
refining,  barrel  making,  lumber-sawing,  and  whisky-distilling ;  there  bnng,  so  f^  as 
I  could  find,  one  refinery,  one  cooper-ahop,  one  saw-mill,  and  one  distillery.  Natrona, 
tbe  next  town  below  Freeport,  is  the  seat  of  the  Pennsylvsjiia  Salt  Company's  works. 
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At  TaieDtnm  is  a  Bftw-mlll  and  a  pluiiDg-uill,  and  a  little  below  ia  an  oil-refinery  and 
« cooper-ebop.  At  the  Kmaining  towns  I  saw  notbiug  in  the  way  of  moQafactiuiug 
iDteraat 

There  is  a  railroad  on  each  side  of  tlie  river,  the  Alleghenf  Valley  Railroad  od  the 
tut  bank,  and  the  Wast  PennsrlTania  Railroad  on  the  west  bank.  The  Atiegheny 
TiUey  Baiiioad  goes  as  far  an  Oil  City,  and  the  West  Pennsylvania  Railroad  follows  the 
riTer  to  a  point  about  a  mile  and  a  half  above  Kreeport,  where  it  croases  the  river  and 
joiua  tbe  Pennsylvania  Railroad  at  Blsirsville. 

The  commeroe  of  the  river  is  at  present  confined  to  lnmher,  oil,  and  stone.  There 
maf  b«  a  small  trade  in  other  materials,  but  it  is  su  small  that  it  may  be  disregarded 
vitboot  !□  the  least  affectiij);  the  present  question.  Lumber  is  moved  iu  rafts,  oil  and 
ltoD«  in  flat-boats.  The  flat-boats  used  in  carrying  cobblestones  or  "  bowldera  "  are 
called  gnypers  (T).  The  stone  trade  is  probably  the  smallest  of  the  three  interests.  The 
nifliug  interest  it  would  be  hard  to  value,  as  so  much  lnmher  goes  down  the  Ohio.  The 
oil  interest  is  probably  the  most  important ;  not  so  much  in  uie  amount  of  oil  carried 
b;  liver  as  in  the  magnitude  of  the  oil  trade  proper. 

As  oil  is  the  only  article  that  is  carried  in  large  quantities  by  other  modes  than  by 
the  river,  we  must  flist  inquire  what  the  present  facilities  for  carrying  it  to  Pltlabuigh 

The  present  modes  of  transportation  are  three  in  number ;  Ist,  by  rail ;  2d,  by  pipe ; 
^1  bj  tiver ;  the  lost  being  ouly  available  during  high  water.  Of  the  oil  carried  by 
nil  the  greater  part  is  moved  by  the  Allegheny  Valley  Railroad.  Whatever  oil  is 
bioaght  by  rail  from  the  Butler  County  region,  is  taken  by  the  Weet  Pennsylvania 
EulniBd.  To  the  latter  road  there  is  a  powerful  opposition  in  the  Columbia  Conduit 
Compauy,  an  organizatiou  that  has  laid  a  hue  of  pipes  from  the  Butler  oil  region  to  a 
p1u£  called  Hoboken,  about  S  miles  aliovc  the  mouth  of  the  river,  and  about  1  mile 
ibore  the  city  of  Pittsburgh,  and  on  the  opposite  side  of  the  river.  At  this  point  the 
cempaDy  has  four  or  fivo  tanks,  each  having  a  capacity  of  8,1)00  barrets. 

While  the  Columbia  Conduit  Company  was  laying  ita  pipes,  it  desired  to  carry  them 
Krosa  ibe  track  of  the  V/eet  Pennaylvauia  Railroad,  but  the  Pennsylvania  Railroad 
opposed  this.  The  Conduit  Compauy  tried  to  carry  its  pipes  over  the  road,  and  then 
it  tried  to  tuunel  midor  the  road,  but  iu  each  case  the  Pennsylvania  Railroad  drove  the 
Couduit  Company's  men  off  by  an  armed  force,  and  finally  the  matter  was  carried  intj} 
tbe  courts  and  a  decision  was  rendered  in  favor  of  the  Pennsylvania  Railroad.  This 
*u  unfortunate  for  tbe  Conduit  Company,  because  its  pipe  was  on  one  side  of  the  raiL- 

load  track  and  its  tanks  were  on  the  other.    The  only  thing  the  Conduit  C 

Gonld  do  was  done.     Large  tank-wagons  were  made,  and  in  these  (he  oil  y-- 
from  the  pipes  to  the  tanks. 

^'b«ii  1  was  last  in  Pittsburgh,  I  was  told  that  by  some  arrangement  between  the 
Penaiylvania  Railroad  and  tbe  Baltimore  and  Ohio  Railroad,  the  former  agreed  to 
tllan  tbe  Columbia  Condnit  Company  to  carry  the  pipe  acroaa  their  track ;  but 
"helher  Uiis  agreement  will  stand  in  Mse  of  a  future  rupture  between  the  two  rail- 
Toads  I  cannot  say,  especially  as  the  Pennsylvania  Railroad  has  the  deeision  of  the 
sonrtsbehiud  it. 

Two  other  pipe-lines  are  projected,  to  have  a  terminus  at  a  point  on  the  Allegheny 
Biici  iboni  ^,500  feet  above  the  West  Pennsylvania  Railroad  bridge.  These  lines  are 
ovDcd,  tbe  one  by  the  Keystone  Pipe  Company,  the  other  by  the  Atlantic  Pipe  Com- 

K;.  The  line  of  the  former  was  to  have  been  completed  by  the  middle  of  September, 
se  lines,  should  the  owners  desire  to  extend  them  to  Pittsbutgh,  will  be  tree  from 
tbe  troables  to  which  the  Columbia  Coudnit  Company  was  subjected,  as  they  can 
aioid  croasiuK  the  track  of  the  West  Pennsylvauia  ELailroad. 

The  cost  ol  bringing  oil  to  Pittsburgh  from  Parker's  Landing  is  33  cents  per  barrel 
V  rail  and  12^  to  15  cents  by  water.  This  does  not  include  the  pipe  traQsportation 
oDm  the  wells  to  Parker's  Landing.     The  price  charged  by  the  Columbia  Conduit  Com- 

fuif  is  30  cents  lo  Hohoken,  and  fiO  cents  to  refineries  situated  within  the  city  limits- 
be  caose  of  this  high  price  to  refineries  in  the  city  is  that  the  Columbia  Conduit 
l^iupany  has  an  arraugemeut  with  the  Baltimore  and  Ohio  Railroad  by  virtue  of 
wbicb  the  oil,  if  carried  at  these  rates,  must  be  shipped  by  that  road  after  having  been 
RGued,  and  the  refiners  who  obtain  their  oil  from  the  Conduit  Company  receive  a 
Kbateon  its  arrival  at  tbe  sea-eborc.  The  Keystone  Pipe  Company  charge  30  cents 
per  barrel  for  delivering  at  Freeport,  the  United  Pipe  Company  30  cents  for  delivery 
U  Parker's,  and  the  other  lines  termiuating  at  Parker's  from  20  to  SA  cents ;  but  the 
VuiiAil  Pipe  liae  is  considered  the  bast,  and  buyers  seem  willing  to  pay  a  little  more 
to  hive  their  oil  delivered  by  this  line. 

Boats  engaged  in  carrying  oil  from  Parker's  can  only  mn  between  two  and  a  half 
t[>  three  months  duiing  the  year,  the  rest  of  the  time  they  are  idle.  They  can  rnn  on 
*l  iacbea  of  water,  or,  if  not,  boats  can  be  built  that  will  do  so,  and  on  such  a  stage  of 
^aler  they  could  bring  to  Pittaborgh  all  the  oil  the  refineries  can  use,  and  at  half  the 

■wvB  rates  provided  tnat  there  were  that  much  v-'-  '-  "'--  ■"--'- "  "  -  - 

'wnd.    A  steamboat  with  three  barges  brings  on  i 
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The  rates  gWeo  above  are  for  a  barrel  contaiDiog  42  KallonB,  tbe  trade  staadud  for 

We  thus  see  that  the  ooet  of  traasportation  from  the  irells  to  the  heads  of  the 

TarioQs  pipe  lines  is  the  same  in  all  eases,  viz,  30  eents  per  barrel. 

We  also  see  that  the  cost  of  transportatioo  from  Parker's  LaDdiog  to  Pitt«bargb  is 
by  rail  35  ceats.and  by  waterl^i-to  15c«DtB.  Hence  the  coHt  of  a  barrel  of  oil  delivered 
at  Pittsburgh  is  from  20  to  2H  cents  less  when  transported  bj  water  from  Parker's  thftD 
it  is  when  transported  by  rail. 

Freeport  is  nearly  half-way  between  Parker's  and  Pittshnreh,  and,  assnniing  the  ooHt 
of  transportation  by  rail  from  Freeport  to  be  two-thirds  of  the  cost  from  Parker's,  we 
obtaiu  331  cents;  but  by  water  it  !b  10  cents,  making  a  difierence  in  favor  of  water- 
trauaportation  of  13^  cents. 

The  average  savio);  in  the  cost  of  transportation  per  barrel  from  Freeport  or  Parker's 
to  Pittsbar);h,  is  17  ci-nta. 

Sometbing  over  3  000.000  of  barrels  of  nil  are  carried  yearly  to  Pittsbargh,  aod  were 
it  all  carried  bv  water  after  it  reaches  the  river,  the  saving  in  tiansportation  alone 
would  be  $510,000, 

In  this  discQssion 

merely  giving  their  price  of  delivery  at  HuUokeu.on  a 

cial  arrangemeDts  with  the  Baltimore  ami  Ohio  Railroad. 

I  have  ulso  aasiimed  prices  by  rail  froiu  Freeimrt  becaase  I  have  not  yet  beard  of 
any  oil  coming  from  there  in  that  way. 

Whether  any  of  the  other  pipe-lines  will  eventually  run  to  Pittsburgh  it  is  impos. 
eible  to  say. 

Having  seen  for  how  much  leas  oil  can  be  transported  by  river  than  by  rail,  and 
bearing  in  mind  that  the  river  is  available  for  purposes  of  navigatiou  but  a  small  time 
during  the  year,  it  is  evident  that  any  improvement  Ihat  would  tend  to  increase  the 
facilities  of  water-transportation  must  beofgreat  beneill  to  the  commerce  of  the  river. 
There  is  one  partof  the  year  when  the  river  cannot  be  usednnderany  circnmstances,  and 
thai  is  during  the  presence  of  ice,  from  about  December  1  to  April  1,  and  counting  ouly 
the  jioriod  of  navigation,  we  olitain  fur  the  saving  in  transportation  8340,000. 

It  being  thus  nniuifest  that  tlie  oil-trade  would  be  vastly  benefited  by  the  esiBt«nce 

'  perumueiit  navigation,  let  us  see  how  this  permanent  navigation  can  be  obtained. 

mode  of  improvoiiient  that  naturally  first  suggests  iteulf  is  to  slockwater  the 

e  departures  from  the  ordinary  methmls. 


of  perm 
The  n 


This  system  of  improvement  haH  generally  been  aiiopted  for  rivers  where  the  depth 
of  water  is  almost  always  too  little,  but  this  is  not  the  case  on '  the  Allegheny.  The 
pools  have  at  all  times  plenty  of  water,  and  the  only  obstructions  are  the  ripples  U 


fouuil  here  and  thwre,  and  conseqneutly  the  improvement  to  be  made  confines  iteelf  to 
some  means  of  passing  them.  The  elevations  in  the  bed  of  the  river  by  which  the 
ripples  are  formed  have  steep  sides  as  a  rule,  consequently  a  out  of  no  great  length 
might  be  maile  -tlirougb  the  ridge,  and  of  such  depth  as  may  be  deterrniued  on.  In 
this  cut  might  be  set  a  lock  and  the  ri(lj;e  be  uoed  an  a  dam,  or  a  small  dam  might  be 
constructed  on  its  crest,  but  in  either  case  the  snrrace  of  the  ridge  must  be  so  proiected 
as  to  make  it  permanent.  The  kind  of  dam  to  be  nseil,  if  a  dam  be  adopted,  will 
depend  entirely  on  the  site  proposed  for  the  structure.  As  acule  I  should  prefer  mov- 
able datns.  as  causing,  when  down,  less  obstructiou  to  the  fiow  of  the  water,  and  beine 
covered  from  shocks  from  filiating  iKHlies,  especially  ice.  The  movable  ilam  would 
nndoubtedly  be  more  expensive  than  the  permaneut  dam,  but  I  think  it  would  be 
safer  under  the  circumstances.  However,  the  particular  improvement  to  be  applied  to 
each  case  would  be  a  matter  of  special  study. 

The  next  point  to  examine  is  now  the  other  two  branches  of  commerce  woald  he 
affected  by  sncb  an  improvement.  All  the  guyper-men  that  I  s[>oke  to,  aud  they  were 
many,  unanimously  expressed  (he  hope  that  (he  river  might  be  slackwatvred  and 
tha(  a  good  tow-patb  migh(  he  made  along  the  bank.  This  would  doubtless  be  a  great 
advau(age  to  them,  because  as  the  river  is  now  they  have  very  hard  work  to  pass  (he 
ripples  when  being  t^wed  by  horse  power  u[i  stream,  but  to  make  np  for  this  they  can 
fioat  down.  If  (ho  river  was  slackwatcrad  they  would  have  to  be  towed  each  way, 
but  still  tbey  would  prefer  this,  as  they  could  then  make  (heir  trips  with  great«r  reg- 
ularity and  certainty. 

So  iar  as  rafting  is  concerned,  it  may  appear  at  first  sight  as  thongb  this  interest 
might  sufi'er  from  the  construction  of  dams,  hnt  the  experiences  of  the  west  branch  of 
the  Susquehanna  Kiver  show  that  the  movements  of  rafts  are  in  no  way  interfered 
with,  because  the  dams  on  this  river  are  provided  with  sluices  or  inc  lined  cbntes  made 
for  the  express  purpose  of  allowing  rafts  to  pass,  and  at  Look  Haven  a  fall  of  11  feet  is 
passed  by  a  sluice  or  inclined  plane,  of  which  the  slope  is  1  on  143. 

The  system  above  proposed  seems  to  me  to  he  the  only  one  that  will  meet  the  re- 
quirements of  the  case.  If  other  means  be  adpptbd  we  will  have  trouble.  If  we  at- 
tempt to  make  cuts  through  the  ridges  aud  have  the  depth  of  water  sufficient  for  nav- 
igation ne  run  the  risk  ofdraining  off  the  upper  pool  into  the  lower,  aud  we  may  also 
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End  the  cut  conlempUted  to  be  very  long  aod  eTpeneire,  and  if,  on  the  otber  band,  via 
Utempt  to  g»ia  depth  by  narrowiDg  tbe  ohaDoei  we  will  at  ouee  produoe  a  velocity  of 
cnrrenl  that  will  be  far  too  pfreat  to  st«in. 

Taking  everything  into  consideration  I  incline  strongly  to  tbe  sjstem  of  slackwater 
b;  means  of  movable  dams,  althongh  a  more  detailed  and  elaborate  atnd;  will  be  le- 
qoirod  before  anything  can  be  definitely  decided  on. 

It  is  of  coane  absolntely  impossible  to  predict  tbe  exact  effect  tbat  any  improve- 
nient  of  the  river  may  produce,  but  I  think  I  may  safely  say  that  tbe  mere  improve- 
ment IS  far  as  Freeport  will  be  of  no  advantage  except  to  the  Bntler  ConDty  oil  trade, 
becanse  there  are  many  very  bad  places  to  be  passed  between  Freeport  and  Parker's, 
and  the  improvement  to  FreHport  will  not  aid  commerce  above  that  point  If  any  im- 
provement at  all  be  made  I  opine  that  it  will  have  to  be  carried  far  np  the  river  to  tie 
of  any  valne  in  developing  the  resources  of  the  country,  but  whether  it  would  pay  to 
do  this  is  altogether  another  matter. 

I  have  been  informed  by  gentlemen  who  have  been  a  great  deal  in  the  country  ad- 
jueut  to  the  npper  parte  of  the  Allegheny,  that  many  fine  mineral  deposits  a~~  —  ' 
....  1  lim     ■         .    .       -       .  .  ...  .     - 


.  .  .  -osoft,  and,  beinjc  apt  to  break  into  small  pieces  by  handling,  will  not  bear 
IrauBportation ;  but  it  is  an  excellent  fuel,  and  can  of  conrse  be  used  economically  and 
to  great  advantage  in  reducing  the  surronndinir  iron-ore  and  in  other  local  industries. 
At  prevent  there  is  no  coal  shipped  froiU  the  A.Uegheny  Valley,  so  far  as  I  conld  learn. 
I  u«  one  or  two  abandoned  mines,  but  from  what  I  gathered  iu  conversation  with 
penouB  familiar  with  the  country  I  doubt  whether  any  trade  of  any  amount  can 
spiiag  up  in  this  product  of  tbe  e^b.  The  ore  and  limestone  need  some  better  and 
cheaper  avenue  to  market  than  the  route  by  rail,  because  the  prices  of  transportation 
tn  M  great  now,  that  it  does  not  pay  to  bring  them  to  the  furnaces  near  Pitteburgh. 
Another  element  must  be  considered  in  oonnectiou  with  the  development  of  tbe  cool 
tnde  of  this  region,  and  that  is  the  natural  gas,  which  is  found  in  apparently  inez- 
haiutible  quantities,  and  which  they  are  now  be^nniug  to  nse  in  oonnectiou  with  the 
in>D  tuaunfactnre,  and  I  am  told  that  it  makes  a  cheaper  and  better  fuel  than  coal,  and 
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IMPEOVEMENT   OF   THE   OHIO,  UOKOKGAHELA,  ANB   WABASH  RITEBS. 

Officer  in  eliarge,  Maj.  W.  E.  Merrill,  Corps  of  Engineers,  having  un- 
der bis  immediate  orders  Lieut.  F.  A.  Mahan,  Corps  of  Engineers. 

1.  Improvement  of  the  Ohio  River. — Of  tbe  contracts  outstanding  at 
t^e  commencement  of  tbe  fiscal  year,  tliat  for  the  repair  of  the  old  dike 
at  French  Island  has  been  completed.  The  iirst  effect  of  this  work  was 
qaite  satisfactory,  bnt  experience  has  shown  that  this  dike  must  he 
"■xtended  1,000  feet  farther,  so  that  the  sands  may  be  carried  into  deep 
vater,  with  the  hope  that  they  will  there  be  so  distributed  as  to  pre- 
^tDt  the  re- formation  of  tbe  bar. 

Anew  contract  has  been  entered  into  for  this  extension.  The  officer 
in  charge  considers  that  this  experiment  has  a  very  important  bearing 
Oil  liie  practicability  of  making  a  radical  improvement  of  the  Lower 
Ubio  bj-  means  of  dikes. 

The  dike  jnst  above  Evansville  has  been  somewhat  extended,  and  its 
good  effect  in  removing  tbe  bar  in  Evansville  Harbor  has  been  increased. 
Il  vjll  be  still  further  extended  the  present  season.  That  the  ultimate 
pffwjt  will  be  to  entirely  remove  this  troublesome  bar,  there  can  be  but 
liltk  doubt. 

The  dike  at  Henderson  waa  nearly  finished  last  season,  but  extreme 
Wwnt«r  prevented  its  entire  completion.  The  total  length  of  this 
dike  is  1,500  feet,  but  the  outer  end  of  the  dike  for  about  300  feet  is  not 
jet  up  to  grade. 

Adam  was  built  last  fall  across  the  chute  near  the  head  of  Hender- 
son Inland,  in  order  to  force  all  the  water  into  the  navigable  channel. 
Tliis  dam  is  40  feet  in  width  and  6:^0  feet  long,  and  is  constructed  of 
piles  and  brnsh  weighted  with  stone.  It  has  done  the  work  expected 
uHt.    Some  slight  repairs  will  be  needed  this  season. 

The  Bacon  Rock,  at  the  mouth  of  the  river,  has  been  entirely  removed. 
Tliere  is  now  6  feet  of  water  on  the  site  of  the  rock  at  tbe  lowest  stage 
ever  known. 

The  hull  of  a  new  iron  snag-boat,  under  contract  with  Swift's  Iron 
Md  Steel  Works,  was  completed  on  the  Ist  of  March,  and  contracts  for 
the  machinery  and  joiner- work  have  since  been  made,  the  whole  to  be 
completed  by  November  1,  1875.  • 

The  dam  at  head  of  Cumberland  Island  was  thoroughly  repaired 
during  tbe  year,  over  7,000  cubic  yards  of  stone  having  been  placed 
oaic. 

Dredging  has  been  carried  on  in  the  upper  river  as  follows : 

Cnbic  y»rfB. 

At  BroQofR  Island 8,499 

*l  Line  Island 3,008 

MCaptina  Island 12,011 

M  the  month  of  MusklnKQin  River 3,207 

AtBafGugtuD  Island 59,050 


Tbe  total  number  of  yarda  of  excavation  being  S5,7G9. 

Dre<1ginfr  was  snspeoded  early  in  September,  on  account  of  the  lack 
of  funda.  The  work  of  dredging  is  performed  by  two  dredges  belonginjf 
to  tbe  United  States,  and  cost,  during  the  year  1874,  au  average  of  23 
cents  per  cubic  yard, 

During  the  fiscal  year  there  were  removed  from  the  channel  of  tbe 
river  over  100  snags,  10  wrecks  of  barges,  6  wrecks  of  steamboats, 
(3  wholly  and  3  in  part,)  and  104  large  stones. 

Tbe  ol&cei  in  charge  renews  his  recommeitdiition  for  tbe  simoltaneous 
commencement  of  ttiirt«en  locks  between  Pittsbtirgh  and  Wheeling, 
with  a  view  to  making  a  slack-water  improvement  b>  means  of  movable 
dams,  and  estimates  the  cost  of  these  locks  at  12,630,000. 
For  completing  tile  lock  and  inoTalile  darn,  for  whicb  the  biihi  of  jlOO.OOO  was 

anthurized  Ui  be  expended  from  the  appropriation  of  March  ;t,  mT.^tbeeum 

required  foe  tlie  next  fiuoal  yeftc  is $530,000 

Anil  for  ning-daais,  dredging,  and  removing  bdhjeh  and  boirldero 370,000 

Total  amount  reqnlred ^ $900,000 

The  site  for  the  movable  dam  was  selected,  after  carefal  examination 
by  a  board  of  engineer  pfflcers  appointed  for  the  purpose,  and  all  of  the 
preliminary  steps  for  the  acquisition  of  the  land  necessary  for  its  con- 
struction were  promptly  taken;  bat  from  the  fact  that  the  State  of 
Pennsylvania  has  not  provided  for  the  cession  of  jnris<liction'  to  lands 
required  by  the  United  States  in  carrying  out  its  works  of  improve- 
ment, and  has  no  law  authorizing  the  condemnation  of  lands  at  reikson- 
able  rates  for  public  uses,  the  land  could  not  be  obtained  except  at 
exorbitant  prices,  aud  the  work  was  of  necessity  delayed. 

It  is  hoped  that  the  legisliitnre  of  the  State  will,  at  its  next  session, 
enact  such  laws  as  will  enable  the  United  States  to  proceed  without 
further  delay  with  the  prosecution  of  this  important  work  of  improve- 
ment. 

Balance  in  Treasury  of  United  States  July  1,1W4 1 »ir5,000  00 

Amount  in  bands  of  officer  and  subject  tt>  Iiis  cbsck  (inclnding  (4^25.65 

percent-age  due  on  contracts  not  Tot  completed)  July  1,  1B74 24, 3*^9  W 

Amount  appropriated  bj  act  approved  March  3,  It^TFi 300,000  M 

Amoant  expended  duriug  the  Bscal  j'ear  ending  June  30,  tWS 224,776  00 

Amount  available  July  1, 1B75,  including  JS,I20.52  due  ou  coutractH 274,611  40 

Amonnt  reqaired  for  the  lUcal  year  ending  June  30,  1877,  including  pur- 

obase  of  titee  for  dams  and  locks,  pot  exceeding  $15,000,  (an  revised  in 

this  Office) 900,000  00 

(See  Appendix  P  1.) 

2.  Improvement  of  the  Monongafiela  River. — Work  on  this  river  consists 
in  building  a  lock  and  dam  at  Hoard's  Rocks,  West  Virginia,  ninety- 
four  miles  above  Pittsburgh  aud  seven  miles  below  Morgautown. 

In  accordance  with  the  recommendation  of  the  engiueer  in  charge, 
the  time  for  completion  of  this  lock  has  been  extended  from  December 
1, 1874,  to  December  1,  1875.  Up  to  the  end  of  the  fiscal  year  the  right 
or  laud  wall  of  tbe  lock  had  been  completed,  excextting  a  part  of  tbe 
coping. 

The  quarrying  of  stone  tor  the  dam  has  been  commenced,  and  will  be 
continued  through  the  season,  although,  on  account  of  the  difBcuHy  of 
building  both  lock  and  dam  at  tbe  same  time,  the  masonry  of  the  dam 
will  not  be  begun  until  low  water  of  next  season. 

It  is  expect^  that  the  present  appropriations  will  be  sufficient  to  com- 
plete the  lock  aud  dam,  aud  that  the  entire  work  will  be  ready  for  use 
by  December,  1876. 

The  ofticer  in  charge  recommends  the  construction  of  a  second  lock 


aiid  dam  at  Laurel  Ban,  about  two  miles  below  the  mouth  of  the  Cheat 
iiker.at  which  i>oiut  a  favorable  site  has  been  fonnd,  with  rock  founda- 
tion, for  the  lock.  The  proposed  lock  will  be  of  the  same  size  as  that  at 
Hoard's  Uocka,  and  the  same  profile  will  be  nsed  for  the  dam. 

The  increase  in  tlie  estimate  of  cost  of  this  second  lock  and  dam  over 
tiiat  »t  Hoard's  Rocka  is  dne  to  the  extra  depth  of  fonndation  required 
lor  tie  lock,  to  the  greitter  length  of  dam,  and  to  inferior  conditions  for 
obtaining  atone. 

No  appropriation  is  asked  at  present  for  the  dam. 

The  estimated  cost  of  a  stone  dam  at  Laurel  Kun  is  $74,000,  making 
the  total  estimated  cost  of  lock  and  dam  $189,000.  The  engineer  in 
charge  will  make  an  estimate  of  the  cost  of  a  wooden  dam  at  this  place, 
and  a  comparison  of  the  two  methods  of  construction,  in  time  for  the 
Dvit  annual  report. 

EathnateforJUeal  year  ISTO-TT. 

Btiiiaing  lock  at  Laurel  Rao $115,000  00 

B^snceinTreaauty  of  United  atBtes  July  l,l»i74 103,000  00 

Ani.iiiDt  ill  haoiU  of  oHicur  atid  «ubj<]ct  ti>  tiia  check  (iDclading  ^O:)^  por- 

fmtage  due  ou  contracts  nut  yet  compleWrt)  Jnly  1,  1S74 5,470  73 

Amoiiut  appnipriated  by  act  approveil  March  3,  IffTS 23,000  00 

AmiHiDt  expeotlMl  duritiK  the  Hsoal  yeac  eDdinf;  June  30,  1^75 S9, 184  64 

AuouDtaTailable  July  1,  1(^5,  iucludinit  $:t,2l3.7tj  due  ou  coQtracte 101, -J4t;  OU 

AmoQDt  required  for  the  fiscal  year  eliding  June  30, 1877 115,000  00 

3.  Improvement  of  Wabash  River. — The  contract  for  rock  excavation  at 
tlieGrand  Chain,  thirty-eight  miles  from  the  mouth  of  the  river,  wu»  com- 
iiletedin  December,  1874,  26,630  cubic  yards  of  excaviition  having  been 
ramie.  This  is  the  only  important  work  accomplished  dnring  the  year, 
asthe limited  appropriation  of  1874  was  accompanied  by  a  proviso  which 
(forbade  its  expenditure  until  the  rights  and  franchises  of  the  Wabash 
^angation  Company  had  been  extinguished.  This  was  done  at  a  cost  of 
$7,tNXl,  bat  at  too  late  a  date  to  admit  of  making  any  new  contractH  last 
season. 

The  following  new  contracts  were  made  in  May,  1875:  For  closing 
■he  cDt-off  at  New  Harmony ;  for  rock  excavation  at  Warwick's  Itipple ; 
and  for  clearing  ont  the  cut-off  at  the  Little  Chain.  High  water  bus 
prevented  work  under  these  contracts,  except  at  the  Little  Chain  cut-off', 
where  work  was  begun  on  the  3d  of  June  and  is  now  in  progress. 

The  officer  in  charge  again  urges  an  appropriation  for  building  a  lock 
and  dam  at  Grand  Kapids,  which  he  considers  to  be  of  the  greatest 
importance,  and  in  comparison  with  which  all  other  improvements  should 
be  set  aside. 

BiUneo  in  TreaflntT  of  United  Stntes  July  1,  1M74 $40,000  00 

Auoaiit  ia  hands  o'f  officer  and  subject  to  bis  check  (inclnding  i-2,  &t7.H0 

PCTwntajte  dne  on  cuutracta  not  yet  completed)  July  1,  IB74 7,  ue4  05 

Anion  at  appropriated  by  act  appnived  Marcb  3,  1»75 40,tHI«  00 

Atnouat  expended  duriug  the  bacal  year  ending  June  30,  1075 38,007  02 

Amonat available Jnlyl,l«ii 49,317  03 

Amonnt  miaired  for  fiscal  year  ending  June  30,  1877 146,000  00 

EXAMINATIONS  AND  SUBVEY8  FOB  ISPB0TI:MBNT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  Jane  23, 
1874,  Major  Merrill  was  charged  with  and  baa  completed  the  following, 
the  results  of  which  were  transmitted  to  Congress  at  its  last  session,  in 
reports  which  were  printed  in  H.  K.  Ex.  Doc.  THo.  75,  parts  8  and  1,0 : 

...  lXjOOJ^Ic 


1.  Examination  of  Little  Kanawha  River  heloic  BttlUoicn,  West  Vir- 
ginia.   (See  Appendix  P  4.) 

2.  Ejamination  of  Giittandotte  Eiver  below  Logan  Covrt-Hovse,  and  of 
TireJre-pole  River  below  Wayne  Courl-House,  West  Virginia.  (See  Apiwu- 
dix  P  5.) 

3.  Surrey  of  Big  Sandy  Itieer,  Kentucly.    (See  Appendix  P  C.) 

And  alao  wJtb  surveys  tor  the  estenaion  of  tlie  Chesapeake  and  Ohio 
Canal  from.  Cumberland  to  Pittsburgh,  a  preliiuiiiary  report  of  wbicli  van 
submitted  to  Conffreas  at  ita  last  session,  and  printed  iu  Senate  Ex.  Dot. 
No,  11),  part  4.    (See  also  Appeudis  P  7.) 

For  completing  these  surveys  a  sjiecial  appropriation  of  $10,00!)  was 
made  in  the  river  and  harbor  act  of  Miirch  3,  ItiTo.  They  are  now  pro- 
gressing satisfactorily. 


REPORT. 
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ANSCAL  REPORT  OF  MAJOR  WM.  K.  MEKRI LL,  CORPS  OF  ES- 
GINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1875. 

United  States  Engikeeb  Office, 

Cincinnati,  Ohio,  July  IC,  187j. 
General:  I  bare  the  honor  herewith  to  transmit  annual  re)>orIs  ou 
the  works  under  my  charge  Yor  the  flHcal  year  ending  Jnue  30, 1875, 
Very  respectfully,  jour  obedient  servant, 

Wm.  E.  Merrill, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  V.  S.  A. 


IMPROVEMEKT  OP  THE  OHIO  RIVER. 

At  the  beginning  of  the  fiscal  year  the  following  contracts  were  out- 
standing: 
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M.  A-Brjion, 

Fi-ench  Island  Dike,  7fiO  miles  helow  Pittsburgh. — lu  my  last  aoQiml 
w|M)rt,  dated  September  1, 1874, 1  stated  that  sioce  Juue  30, 1874,  this 
dike  liad  been  completed.  The  qiiaDtities  of  material  lueiitloned  iu  that 
report  were  those  expended  prior  to  tlie  end  of  the  last  fiscal  year. 
During  the  fiscal  year  jiiat  closed  there  were  expended  5,366  cubic  yards 
of  stone,  and  4,228  cords  of  brush,  making  a  total  expenditure  of  7,181 
cubic  yards  of  stouo,  9,C37  cords  of  brush,  and  705  piles,  in  building  a 
'like  2,000  feet  in  length  on  a  shifting  sand  bar  of  the  Lower  Ohio.  It 
should  be  stated  that  the  amount  of  material  given  above  includes  that 
expended  in  protecting  the  shore  for  a  distance  of  300  feet  below  the 
root  of  the  dike.  Besides  building  this  dike,  about  1,000  yai"ds  of  stone 
were  placed  on  tlie  dike  at  the  foot  of  the  isiiind. 

Tbe  first  effect  of  this  dike  was  excellent ;  river-meu  were  delighted 
^ith  it,  and  I  thought  that  a  radical  iuiprovemeiit  bad  been  made. 
Unfortunately  1  discovered,  after  my  report  had  goue  in,  that  although 
good  water  was  made  and  maintained  where  tbe  bar  was  wbeu  I  com- 
ineneed  work,  yet  the  sands  had  reformed  a  bar  just  below  tbe  end  of 
tlie  dike,  so  that  very  little  practical  advantage  had  resulted  from  tbe 
worli.  Accordingly,  with  the  approval  of  theChief  of  Engineers,  Ihave 
made  a  new  contract  (details  of  which  will  be  given  furtlier  on)  for  an 
addition  of  1,000  feet  to  the  length  of  the  dike.  I  hope  that  this  exten- 
sion will  drive  the  sands  into  deeper  water,  and  cause  them  so  to  dis- 
tribute themselves  along  the  sides  of  the  channel  as  to  leave  good 
navigable  water  in  the  middle.  I  consider  this  esperiment  a  very  valu- 
al>leouein  determiuing  tbe  utility  of  attempting  the  radical  improve- 
ment of  the  rx)wer  Ohio,  by  using  dikes  to  guide  and  control  the 
curreuts.  If  the  result  is  to  be  a  luere  shifting  of  a  bar  from  one  place 
to  another,  a  servicable  improvement  will  require  a  continuous  line  of 
snbmersihle  dikes  throughout  the  whole  length  of  tbe  river,  and  this 
vonldbe  both  costly  and  annoying  to  navigation.  Before  this  report 
reaches  Congress  I  expect  to  have  the  extension  completed,  but  two  or 
three  seasons'  experience  will  be  needed  to  determine  the  full  value  of 
tbe  experiment. 

Department  letter  of  April  28,  1875,  directs  me  to  report  what  has 
tiwn  the  gain  in  depth  in  the  Ohio  Elver  under  tbe  plans  heretofore 
adopted  for  its  improvement. 

In  reply,  1  would  state  that  no  definite  answer  can  be  given.  The 
nature  of  the  bottom  varies  so  much  in  different  parts  of  the  river,  and 
the  auionnt  of  traveling  sand  is  so  various,  that  the  available  depth  on 
all  bars,  improved  or  unimproved,  is  always  uncertain.  The' effect  of 
the  contraction  also  varies  at  different  stages  of  water.  Thus  at  the 
Trap,  near  Pittsburgh,  the  depth  in  dead  low  water,  when  the  total 
amount  of  water  passing  is  very  small,  is  probably  not  increased  more 
than  2  or  3  inches.  At  a  higher  stage  the  dike  prevents  tbe  water  from 
'Pleading,  and  thus  secures  a  gi-eater  navigable  depth  than  if  it  were 
Dot  tbere.  Some  places,  like  Glass-house,  at  Allegheny  City,  have  been 
radically  improved,  hut  the  radical  improvement  consists  in  having  such 
a  depth  that  boats  can  always  pass  when  they  can  pass  the  Trap. 
formerly  the  Glass-house  bar  was  the  worst  of  the  two. 

ft  Hedoc,  Warsaw,  and  Rising  Sun  there  baa  been  au  appreciable 
Eaiii  for  ordinary  stages,  but  iu  dead  low  water  the  gain  almost  disap- 
l^eara,  because  at  such  stages  the  (lowing  volume  is  so  small,  that  it 
"'ould  naturally  contract  into  a  channel  of  about  the  same  width  as 
that  caused  by  the  dike,  and  therefore  at  such  stages  the  dike  can  have 
hnt  little  effect.  As  a  rule,  I  think  that  the  effect  of  dikes  and  dams  is 
more  in  preventing  water  from  spreading  during  stages  of  from  2  to  6  lc 


feet  above  low  water  tban  in  any  increase  in  depth  at  <lead  low  water. 
TliB  worst  places  of  course  control  navigation,  ftud  I  should  say  that 
between  Pittsburgh  and  Wheeling  we  cannot  depend,  after  improve- 
ment,  niton  more  than  IS  inches  in  ordinary  low  wat«r;  hetween  Wheel- 
ing Hud  Huntington,  ou  more  than  2  feet;  between  Huntington  and 
Portsmouth,  on  more  than  2J  feet ;  between  Portsmouth  and  Louisville, 
on  more  than  3  i'eet;  and,  below  Louisville,  on  more  than  3^  feet.  The 
sands  are  very  troublesome  from  Portsmouth  down,  but  especially  so 
below  the  falls.  Whether  we  can  permanently  control  them  by  open- 
river  improvement,  can  be  told  with  some  certainty  after  we  see  the 
results  of  extending  the  dilkC  at  French  Island. 

Eeansville  Dike,  783  mileg  heloic  Piltsburyh. — I  have  not  poshed  this 
work,  believing  it  better  policy  to  extend  the  dike  slowly,  so  as  to  give 
the  river  time  to  gradually  work  ont  its  new  channel  along  the  river 
front  at  Evausville.  The  reports  that  I  receive  from  time  to  time  are 
all  favorable,  the  bar  being  now  greatly  reduced  from  its  former  size, 
The  greatest  wash  of  the  bar  always  takes  place  during  high  water. 
The  floods  of  last  winter  undoubtedly  bad  a  good  effect,  but  the  river 
is  still  too  high  to  permit,  at  this  writiug,areiK>i't  in detailofwhatthat 
effect  has  been.  Mr.  0.  B.  Uateman,  the  engineer  la  charge,  writes  as 
follows,  under  date  of  Jane  26,  1875 :  ' 

From  observation  so  far  made  about  the  dike  at  Evanavllle,  thare  appeals  tii  have 
be«u  a  coDHiilurable  itcour  acrosB  the  bar  above  the  watvr-workH,  coiuin);  duwu  the  old 
pocket  1  and  vtbere  tbe  bigheat  iniiut  u(  sand  went  ont  of  aigbt  last  season  at  6.40  feet, 
[on  the  gftnge,]  there  is  uow  3  iuet  of  water  below,  or  at  that  stage.  Tbe  steainboat- 
cbttnoel,  bowevur,  conticiuee  outside  the  bar. 


During  the  last  fiscal  year  3,811  cubic  yards  of  stone,  7,391  cords  of 
brush,  aud  321  piles  were  placed  in  the  dike,  making  a  total  thus  far 
used  of  7,858  cubic  yards  stone,  13,355  cords  of  brush,  and  684  piles. 
The  dike  is  1,525  feet  in  length  and  50  feet  in  width.  The  dike  will  be 
further  extended  during  the  uresent  season. 

Henderson  Dike,  797  miles  tfelow  Fittsburgh. — The  dike  was  nearly 
finished  last  season,  bat  the  necessity  of  rapidly  building  the  dam  and 
the  obstrnutlon  to  work  of  all  klods,  caused  by  the  extreme  low  water, 
made  it  impracticable  to  complete  operations.  During  the  last  fiscal  year 
3,102  cubic  yards  of  stone,  3,929  cords  of  brush,  and  231  piles  were 
placed  in  the  work,  making  a  total  of  a,523  cubic  yards  of  stone,  9,100 
cords  of  brush,  and  6IG  piles.  The  total  length  of  the  dike  is  1,3U() 
feet,  but  the  outer  end  of  it  for  a  distance  of  200  feet  has  not  yet  been 
raised  to  grade. 

Henderson  Dam,  797  miles  helow  Pittsburgh. — The  necessity  for  this  dam 
was  set  forth  in  my  last  annual  report.  It  was  built  across  the  chute, 
aud  as  uear  tbe  head  of  the  island  as  practicable.  The  bank  was  care- 
fully protected  by  piles,  brush,  aud  stone  extending  from  100  feet  above 
the  dam  to  200  feet  below  it  before  work  on  the  dam  was  begun.  The 
dam  is  40  feet  iii  width,  with  three  rows  of  piles  6  feet  apart,  tbe  space 
between  the  upper  rows  being  15  feet,  and  between  the  middle  and 
lower  rows  25  feet.  The  spaces  l>etween  the  rows  Rre  filled  with  loose 
brush  aud  stone.  The  total  length  of  the  dam  is  62U  feet.  There  were 
used  in  its  construction  3,872  cubic  yards  of  stone,  6,585  cords  of  brush, 
and  414  piles.  A  recent  iuspectiuu  sbows  that  some  repairs  wilt  he 
needed  during  the  present  season. 

Bac&n  Bock,  967  miles  helow  Pittsburgh — Tliis  rock  has  been  entirely 
removed  in  the  manner  detailed  in  my  last  reiiort.  The  dredge  em- 
ployed was  of  tbe  clani-sbell  type,  and  found  no  dilBcalty  in  lifting  the 
loosely-cemented  gravel  and  sand  that  formed  the  inside  of  the  rock. 
The  cementing  substance  was  mainly  iron.    The  gravel  was  identical 


vitb  tliat  used  in  Paduciili  for  rofid-nietal,  for  which  it  is  particularly 
valaabl«.  Tbeff^&mot*  this  lately-formiduble  obstmctioD  wre  plaoed 
OD  Ibo  Cairo  levee. 

Iron  kull  for  maghoat. — The  contract  with  Swift's  Iron  and  Steel 
Works  for  the  construction  of  the  hull  of  this  boat  was  completed  ou 
the  1st  of  March,  on  which  date  the  bull  «aa  floated  by  a  rise  in  the 
TiveT.  The  workmanship  was  very  satisfactorj'i  and  the  hnll  redects 
greui  credit  upon  its  builders  and  its  designers.  This  work  was  placed 
UDdtT  the  special  charge  of  Mr.  William  Weston,  my  principal  civil 
asBisiaiit,  and  Mr.  G.  S.  Eiusey,  mechanical  engineer.  Major  Snter, 
Corps  of  Engineers,  gave  us  the  full  benetit  of  his  experience  throughoat 
the  work.  Mr.  W,  H.  Christian  was  the  inspector  in  charge  on  the  part 
of  the  United  States.  Whatever  credit  is  due  to  the  successful  eon- 
structiou  of  this  intricate  boat  belongs  to  the  [lersons  named.  The  hall 
Kheii  launched  drew  21  iuches  at  the  stem  and  15  inches  at  the  stern- 
post.  It  is  expected  that  the  finishefl  boat  will  draw  28  inches.  This 
Rill  bean  immenae  advantage  over  the  woodeu-huU  suag-boats,  which 
ilraw  4J  feet. 

Cwnber  land  Dam,  Wl  mUea  below  PUtuburgh. — After  the  river  had  fuUea 
HnSiuiently  to  bring  to  view  the  top  of  the  Cumberland  Dam,  it  was  found 
thut  a  large  portion  of  the  ol<t  part  of  the  dam,  which  was  supposed  to  be 
strong  ami  therefore  left  untouched,  had  sunk  below  grade,  and  that  a 
gap  had  heen  opened  at  the  junction  between  the  new  and  the  old  work. 
Byauthority  of  theChief  of  Engineers,  a  contract  for  the  repair  of  these 
injuries  was  let  to  Messrs,  Miller  &  BedanI,  the  old  contractors,  who 
agaiu  proved  the  lowest  bidders.  They  used  7,185  cubic  yards  of  stone, 
aod  put  the  dam  in  good  condition.  Its  present  state  is  unknown,  as  it 
bas  been  out  of  sight  since  the  repairs  were  completed. 

rite  following  new  contracts  were  made  in  June,  1875 : 


Wort 

1 

French  Island  Dike,  760  miles  below  rUUburgh. — A  contract  for  adding 
1,000  feet  to  the  length  of  this  dike  was  made  on  the  18th  of  June,  1875. 
Tbe  reasons  for  this  work  are  set  forth  in  the  first  part  of  this  report. 
Work  on  the  extension  has  not  yet  been  begnn. 

Jroa-hvll  snag-boat — The  contracts  for  completing  the  new  Ohio  River 
snHg-boat  E,  A.'  Woodruflf  were  let  to  A.  Ilartu|>ee  and  W.  F.  Riohard- 
"ou,  of  Pittsburgh,  on  the  5th  of  June,  1875.  These  contracts  require 
tliHt  the  bout  shall  be  flninhed  by  Koveinber  1, 1875,  and  according  to 
prettetit  ap{>eamnce  this  condition  will  be  fulfilled. 


^'ork  has  been  vigorously  prosecuted  during  the  past  year  by  tbe 
Caicnl  States  dredges  Ohio  and  Oswego,  except  that  I  was  comiielled, 
for  tack  of  funds,  to  suspend  operations  on  the  10th  of  September,  1874. 
1b\g  «UHpeusion,  at  a  time  when  there  were  three  good  working- months 
abend,  was  very  unfortunate.  By  cutting  short  the  available  working- 
season  the  average  cost  per  cut>ic  yard  of  excavation  was  made  much 
gieater  than  it  otherwise  would  have  been. 
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During  the  fiscal  jear  dredgiog  was  accomplisbed  as  follows : 

Bnr  at)  foot  of  BmDot  Tsland S,4i>S 

Lump  at  head  of  Line  Island  Cbute 3,Wi 

Bar  ftt  Captina  Idlanil 12,ail 

Bar  lit  month  of  MilskiDHULU 3.307 

Bar  at  Bnffingtou  Island 59,  OM 

In  addition  the  following  obstructions  were  removed  from  the  channel 
by  the  dredges : 

Coal-boat  below  Wellslinrg,  W.  Va. 
Barge  above  Pike  Island. 
Two  HoagH  near  Pike  Island. 
Wreck  biiloir  Marietta  Island. 
Tbrce  snags  below  Marietta  Island. 

The  dredges  were  not  desigued  for  wrecking,  but  as  they  move  np  and 
down  the  river  they  are  expected  to  remove  whatever  they  can  that  is 
seriously  in  the  way. 

Tlie  following  tables  show  the  cost  of  the  work  done  by  the  dreilges 
during  the  year  1874.  They  are  based  upon  the  operations  of  the  cal- 
endar, and  not  of  the  fiscal  year,  because  the  former  coincides  with  the 
worliing-season : 
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EspLANATORT  Notes. — Under  repairs  are  inclnded  expenditures  for  additional  fix- 
ture that  were  found  to  be  uectgaary  for  successful  nork, 

RepAlrinir  done  in  tbe  spring,  before  com mencing  work,  bos  been  distributed  pronor- 
Iionally  ou  all  the  work. 

Tlie  niiiouati»  spent  fur  equi]>meut  were  fur  tools,  rope,  oil,  cotton- wnsto,  &c. 

The  coet  of  tbe  dredf;FS  wbiie  "laid  up"  ia  included  in  a&lariea  and  etjuipinent. 

The  coatmct  price  for  towins  was  (55  per  day,  Sundays  excepted,  and  tbe  boat  ivos 
|ii<(l  for  all  itorkicg  days  wbiie  nnder  cl>arti;r.  One  t«w-boat  tended  both  dredjces, 
wliich  worked  tOKetbec  at  all  times.  Under  tbe  cbarter  coal  fur  tbe  diedites  was  fur- 
Disb«d  by  tbe  tow-boat  witbont  additional  charf^e. 

In  onlt^T  to  net  the  total  cost  of  work,  the  cost  of  tbe  dredgcx  wbile  laid  up,  as  shown 
nodrt  tbe  beading  "  Outof  Commi^ion,"  baa  been  proportioued  among  the  places  where 
wurk  was  done.    The  crews  of  tbe  dredges  Bubsisted  themselves. 

It  will  be  observed  that  tbe  average  cost  to  the  United  States  per 
cubic  jard  dredged  was  but  25  and  21  cents,  notwithstanding  the  lim- 
itwl  time  (luring  which  the  dredges  worked.  This  cost  iueludes  impairs, 
new  equipment,  and  expenditures  of  all  kinds  on  the  dredges,  but  does 
not  include  interest  on  inveetmeiiC  or  depreciation  of  plant.  Bel'ore 
these  dredges  were  built  the  contract  price  on  the  Ohio  was  from  80 
WDts  to  $1  per  cubic  yard.  Each  season's  work  demonstrates  more 
clearly  the  advaolage  to  the  river  improvement  of  owning  the  dredges. 

Itshould  be  borne  in  mind  tUatdredgiug  in  a  shallow  and  swift  river 
like  the  Ohio  is  both  more  difficult  aad  more  costly  than  similar  work  in 
ileep  and  comparatively  quiet  waters. 

BBMOTINO  WEECKS  AND   OBSTEUCTIONS. 

The  following  wreckst  snags,  and  rocks  were  removed  by  faired  labor 
blaring  the  last  fiscal  year,  besides  those  just  mentioned  as  removed  by 
CIk  dredges : 

£'!;1>ly-fonr  rocks  and  several  snags  between  Marietta  and  BnEBugton  Island. 

Thrcfl  cool-bar)^  wrecks  at  Bufiington  Island.  ' 

fwentf .gix  Buags  and  l!l  large  rocks  between  Bnffington  Island  and  Turkey  Creek 

Coal-boat  at  Raccoon  Island. 

TnEDtj-'tlve  enags  and  one  rock  between  Hacconn  Island  and  6beridan's  ooal-worka. 

Thiny-soven  snags  between  Cincinnati  and  Madison,  lud. 

Several  SDagB  opposite  Lawrenceburg. 

SioDc-buat  at  Rixing  Sun. 

L^at  Craig's  bar.  . 

l^'rwk  of  Alleghany  Belle  nenr  Portland,  Ky, 

^'reck  of  model-barge  near  Portland,  Kf. 

"Auna"  log  at  Diamond  Island. 

W opposite  Ps.ducab,  Ky. 

The  wrecking  party  which  was  employed  during  the  preceding  fiscal 
year  ou  the  wreck  of  the  '-Missouri"  above  Evansvillo  was  re-employed 
daring  the  year  Just  closed,  and  removed  the  following  wrecks : 

Remains  of  wreck  of  Missouri. 

Wreck  oi  ■'  Fulton." 

P»rt  of  wreck  of  "  Qneen  of  the  West." 

JVreck  of  conl-barge  lyiug  near  Fulton. 

ffruck of  "Umpire." 

rsrt  of  wreck  erf  "Jenny  Howell." 

SPECIAL  SlTftVEYS. 

During  the  year  the  followiug  special  surveys  hare  been  made; 

Harbnr  of  Pitt«bnrgb. 

Sites  for  thirteen  locks  and  dania  between  Pittslmrgli  and  Wheeling. 

tjsiid  required  for  tlie  movable  dam  at  Diivls's  Island. 

OuMrrations  of  coal'fleets  paesiag  site  of  Cincinnati  Southern  Kailroad  bridge. 

l;'ttle  Chain.  ,  .. 

Lpper  part  of  Onwd  Chain.  it>(>QlC 


OFFICE -WOBK. 
Office-work  duriiig  tbe  year  Iiaa  comprised  the  preparation  of  a  con- 
tinuous map  of  the  river  on  a  scale  of  2  inches  to  tLe  mile,  of  detailed 
drawings  of  u|>per  works  and  macUiiiery  of  the  snaj^-boat  E.  A.  Wood- 
ruff, of  liydrograpbit  of  Ohio  River  gauge  records,  of  drawings  of  lock- 
gates  and  wickets  of  a  movable  dam,  of  drawings  and  tracings  of  special 
surveys,  and  miscellaneous  works  of  various  kinds.  A  model  of  a 
Ohauoine  movable  dam,  comprising  ten  wickets,  on  the  scale  of  one 
inch  to  the  foot,  has  also  been  made. 

ESTIMATE  FOE  1876-77. 
The  question  of  the  pro|>er  method  of  improving  the  Upper  Ohio,  at 
least  between  Pittsburgh  aud  Wheeling,  was  submitted  to  a  Board  of 
Engineers  which  met  at  Pittsbnrgh  on  the  14th   of  April,  1875,  and 
reported  in  favor  of  the  plan  which  was  recommeudeii  in  my  last  annual 
rei)ott. 
The  appropriation  act  of  March  3, 1875,  reads  as  follows: 
Fortlie  improveniput  nf  tlin  Ohio  River,  three  huDtlred  tbousaiiil  dullars  ;  th.it  nne 
liUDilreit  thoiiMuiiil  iliillara  uf  thiD  nmount  sbnll  be  uavA  fur  auil  appIitHl  tuirard  tbr< 
cuuatruction  of  a  "  niovublo  d.iiii,"  or  u  (lain  with  aiyiiHtublH  (ja't'S,  fiir  tne  purpoxe  of 
ti*tiii([  HiilistBiitiall.v  tbo  bi'wt  method  <if  Improving  pi'Tniitiienltv  tbe  navi)riitiDii  of  tba 
Ohio  Kivprand  itH  tribiilarivs;  Ibelneatiou  of  this  work,  with  liie  plnii  of  cooerrucliou, 
aud  th«ni>plicAtii>n  uf  the  amuuut  hereby  appropriated,  tiilMHubiuittbd  to  thu  Secrctnry 
uf  War,  fur  hio  approval. 

In  accordance  with  the  terms  of  this  act,  the  rejmrt  of  the  Board  was 
sabmitted  to  the  Secretary  of  War,  waa  approved  by  him,  aud  I  was 
oi-deretl  to  prepare  for  active  operations.  Before  commencing,  it  was 
necessary  to  purchase  sutticieut  laud  for  the  lock  and  its  ap|>roaches, for 
the  abutment  on  Uavis's  Island,  aud  for  the  two  abutments  of  the  per- 
manent dam  behind  Davitt's  Island.  The  laws  of  the  United  Htates 
require  tliat  before  the  construction  of  any  Government  work,  the  State 
in  which  it  is  located  shall  cede  to  the  United  States  it«  jurisdiction 
over  the  land  so  purchased.  Knowing  this,  and  anticipating  the  improve- 
ment of  the  Ohio  by  locks  aud  dams,  in  1873  I  drew  up  the  prqject  of  a 
bill  for  cession  of  jurisdiction  by  the  State  of  rounsjivania  over  all  land 
that  might  lie  needed  in  Pennsylvania  for  the  improvement  of  the  Ohio 
Itiver  by  locks  and  dams,  antl  forwarded  it  to  General  Moorhead,  of 
Pittsburgh,  the  chairman  of  the  Ohio  Biver  Commissioners.  General 
Hloorhead  revised  and  modified  the  proposed  bill,  and  then  caused  it  to 
be  introduced  into  the  Pennsylvania  legislature  iu  the  session  of  1873- 
'74.  The  bill  passed  both  houses,  but  was  vetoed  by  the  governor. 
During  tbe  session  of  lS74-'75,  a  new  bill  was  introduced,  drawn  up  so 
as  to  obviate  the  governor's  objections,  and  this  bill  passed  the  lower 
house,  and  was  sent  to  the  senate.  Unfortunately  the  bill  was  mislaid, 
and  could  not  be  found  when  called  in  its  order.  The  legislature 
adjourned  without  acting  on  it,  but  the  bill  came  lip  again  at  the  next 
session  as  unfinished  business.  The  non-passage  of  the  bill,  together 
with  the  enormous  prices  set  on  their  property  by  the  riparian  owners, 
(uiused  you  to  order  me  to  postpone  all  operations  on  the  dam  until  the 
bill  was  passed.  It  contained  a  clause  giving  the  same  right  of  con- 
demnation usually  granted  to  railroads,  and  when  it  docs  pass  we  will 
be  able  to  get  the  necessary  land  at  a  fair  price.  This  state  of  affairs 
is  very  annoying,  bnt  I  feel  that  I  did  all  that  I  could  to  guard  against 
it,  and  that  it  did  not  occur  through  any  neglect  or  carelessness  on  my 
part. 

Iq  my  last  year's  estimate  I  recommended  the  simultaneous  construc- 
tion of  thirteen  locks  between  Pittsbnrgh  and  Wheeling,  rather  than  to 
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coDiineDee  on  a  smaller  Damber  of  complete  movable  dams  with  locks. 
Mj  reason  for  this  recommendation  was  that  all  the  locks  could  be  un- 
der n-ay  at  the  same  time  without  interfering  with  each  other,  or  with 
navj{[atiou.  After  these  were  bnilt  all  the  dams  could  be  undertaken 
simultaneously,  and  as  it  would  take  no  longer  to  baild  thirteen  inde- 
peodeiit  dams  than  one,  the  navigation  of  the  river  would  only  be  ob- 
strncted  for  two  years,  while  a  different  policy  would  obstruct  it  during 
every  year  until  the  whole  work  was  completed.  I  therefore  can  do  no 
better  than  te  repeat  my  former  estimate,  which  is  as  follows : 

Tliiiteen  locks,  at  J200,000 $2,600,000  00 

EngiDeering  and  coatingeucies  of  locka — 5  per  cent 130,000  00 

NiriBmoDlhg' services  of  dredges '27,000  00 

Sine  mouths' service  of  BDBK-boat 27,000  00 

IraproTement  of  Lower  Ohio ISO,  000  00 

OfficecxpeDsea, luspector,Btattoaerj, qnartere,  and  traveling 'i'i.dOO  00 

CODliugenciea 14,000  00 

3,000,000  00 
The  estimates  on  the  thirteen  locks  are  only  approximate,  because 
last  year's  operations  did  not  suffice  to  determine  absolutely  the  loca- 
tion for  all  the  locks,  and  since  then  the  stage  in  the  river  has  been 
bigber  than  it  should  be  for  first-class  work.  Between  now  and  De- 
cember the  necessary  reexaminations  will  be  made,  and  reasonably  ac- 
curate estimates  may  be  prepared.  Tbe  average  cost  of  a  lock  will  be 
fireater  than  $200,000,  as  many  of  them  must  be  built  on  gravel,  but  as 
I  cauuot  yet  make  exact  estimates  I  prefer  to  let  the  first  approximate 
tatimate  remain. . 

lu  my  report  (Ex.  Doc.  19,  part  8,  Senate,  Forty-third  Congress,  sec- 
ondsessioB)  on  tbe  radical  improvement  of  tbe  Ohio,  I  estimated  the 
tost  of  a  lock  as  follows : 

'>l  roci  foiiDdatioD ?1T9,6I0  00 

In  gravel  fouDdation a8:>,ltW  00 

Average a3a.:W9  00 

The  bars  that  need  improvement  on  the  Ohio  below  the  Falls  are  tbe 
same  tliat  were  mentioned  last  year — namely,  Portland,  Flint  Island, 
Poppy  Creek,  Scuffletown,  Three-mile  Island,  tSbawneetown,  Treadwa- 
ter,  foot  of  Cumberland  Island,  and  The  Grand  Chain.  At  the  latter 
place  the  Jackson  Bock  should  be  removed,  even  if  nothing  else  is  done. 
Tiie  estimate  of  $180,000  is  not  sufficient  to  do  all  this  work,  but  no  reli- 
ableeutimates  can  be  made,  and  the  places  where  work  should  be  done 
UQst  be  determined  by  the  condition  of  tbe  river  during  the  pi'ecediog 
ioT  water.  , 

As  this  estimate  is  made  in  July,  I87S,  for  work  wbich  is  not  to  be 
commenced  before  Joly,  187C,  and  as  it  is  made  while  the  river  is  high, 
and  ia  advance  of  the  work  of  the  present  season,  it  is  necessarily 
^ague,  As  an  illustration  of  the  difficulty  of  predicting  work  so  far 
ahead,  I  will  only  state  that  during  this  year  I  will  be  unable  to  work 
atauyof  the  bars  mentioned  above,  but  instead  I  have  been  obliged  to 
l«t  a  contract  for  additional  work  at  French  Island,  a  bar  that  I  consid- 
ered as  radically  improved  when  my  last  annual  reiiort  was  written, 
financial  statement. 

li'lwcB  in  Treasnry  of  United  StfttcB,  Jnly  1,  1374 ■. $175,000  00 

^nmnnt  in  hands  of  officer  and  subjocC  to  his  cbeck  (including  ^,525.<i5 

i*rt*at»Be  due  on  contracts  not  yet  completed)  July  1,1874 24,389  49 

^onnt  appropriated  by  act  approved  March  3,  ia75 300,000  OO^ 

^oiount  expended  during  the  fiscal  year  ending  June  30,  1875 224,778  09 

Amount  available  July  1,1B75,  tucln ding  $8, 120.5^  due  on  oontracta 974,611  40  \c 

^nonnt  required  foe  the  fiscal  year  ending  Jono  30,  1(?77 3,000,000  00 


HTDEAULIC   GATES  AND  DAMS. 

Supplement  to  report  of  Board  of  Engineer  officers  submitted  January  31, 
187i. 

NOVEMBEB  24,  1874. 
General:  The  Board  of  Engineers  on  movable  dams  and  hydniulic 
gates,  as  applicable  to  the  improvement  of  the  Oliio  Biver,  who  sub- 
mitted a  report  on  tliis  subject  on  the  Slst  of  January  last,  which  wjis 
printed  as  Ex.  Doc,*  No.  127,  House  of  Representatives,  Forty-third  Con- 
gress, lirst  sessioD,  would  respectfully  forward  herewith  two  additional 
tran-slatious  from  recent  numbers  of  the  Annalet  des  Pontg  et  Chamsieg, 
which  they  believe  will  prove  useful  and  interesting  in  that  connection. 
One  of  them  deecribes  the  dam  at  Port-iV I' Anglais  ou  tlie  Seine,  aud 
the  other  gives  the  details  of  the  Girard  shutters  used  on  the  weir  of 
the  lie  BrQldedam  across  the  Yonne.  The  Board  are  greatly  indebted 
to  Lieut.  F.  A.  Mahan,  engineers,  for  valuable  assistance  iu  makiug 
these  translations. 

Three  plates  accomjiany  the  text;  they  have  beeu  numbere<l  cousecu- 
tively  with  the  plates  of  the  former  report 
Eespectfnlly,  your  obedient  servant, 

G.  Weitzel, 
Major  of  Engineert  &  Bvt.  Ma).  Qen.,  Xf.  S,  A. 
Wm.  E.   Mesrill, 
Major  Engineers  &  Bet,  Col. 
Gen.  A.  A.  Humphrets, 

Chief  of  Engineers,  U.  8.  A. 


KEW    NAVIGABLE    PA83    ESTABLISHED    IN    1870    IN    THE 
PORT-A-L'ANGLAIS  DAM. 

MOVABLE  WICKETS  SUSTAINING  A  LIFT   OP  THIRTEEN  FEET. 

Description  by  M.  BouU,  Engineer  of  Fonts  et  CkaHSsiea. 

CHAPTER    I. 

BRIEF  DESCRIPTION  OF  THE  POET-i-L'ANGI-AIS  DAM. 


The  Port A-V Anglais  dam,  which  is  situated  on  the  Seine,  two  and  a 
half  miles  above  Paris,  and  whose  general  plan  and  cross-sections  are 
shown  by  plates  IS  and  19,  is  composed  of  the  following  works :  • 


The  lock  located  on  the  left  bant  of  the  river  has  a  total  length  of 
C89  feet, and  available  length  690  feet,  and  a  width  of  39  feet;  built  be- 
tween 18C1  and  1863,  with  two  masonry  ends,  iunludiug  between  them 
a  lock-chamber  with  earthen  walls,  whose  slopes,  inclined  at  45°,  were 
revetted  with  dry  stone ;  it  was  made  3  feet  3  inches  deeper  in  1869. 
At  the  same  time  the  sloping  revetments  were  replaced  by  venicai 

*  See  AoDnal  Report  of  the  Chief  of  Englueere,  1874,  Appeudis  N  3. 
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stone  wallfi,  52^  feet  Apart.  This  width  of  52^  feet  is  the  name  that  was 
»9<ir<led  by  the  oM  cbaniber  when  the  lower  level  was  at  its  usual 
lieight ;  it  is  n  iieceRsity,  in  order  that  the  lock  m».v  coDtain  two  lines 
of  boats,  25J  feet  wide,  (boats  tbat  ply  on  t!ie  Saiiit-Martia  Oaoal.)  The 
floor  of  the  lock-chamber,  whose  natural  surface  has  received  no 
ivvrtment  or  covering,  is  now  lowered,  as  is  also  the  lower  miter-sill, 
to  the  reference  70.60  of  the  general  leveling  of  France  [in  feet  above 
the  sea-level ;]  that  is,  to  8J  feet  below  the  low  water  of  184(),  wliich 
reads  zero  on  the  water-gauge  at  the  La  Touriielle  bridge.'  The  nor- 
hihI  lift  of  the  Suresnes  dam  being  fixed  at  the  reference  85.40,  and 
tlie  Klope  from  Port-A-l'Anglais  to  Suresnes  being  not  less  than  9  inche:^, 
tlie  draught  of  water  on  the  lower  miter-sill  of  the  PorttirAiiglais 
Imk  can  oi^ly  escetitionally  descend  below  6J  feet.  The  npper  miter- 
Mil  has  not  been  changed ;  it  is  at  the  reference  80.87,  with  a  life- wall  3 
teet  3  inches  in  height. 

DAM. 

The  dam  proper  (the  old  navigable  pass)  has  an  opening  of  1T94  feet 
hetween  the  exterior  face  of  the  lower  end  of  the  lock  and  that  of  the 
fintgiier;  its  sill  is  at  the  refereuue  8(>.lo;  that  is,  it  is  0^  feet  higher 
Ihaa  the  lower  miter-sill  of  the  lock.  It  has  t'orty-two  wickets,  9  feet 
lU inches  high,  aod  3  feet  11  inches  wide,  with  iutervalsof  4  inches.  It 
ia  closed  by  means  of  a  maneuvering  boat,  and  it  is  opened  by  tripping- 
roils.  No  change  has  been  made  in  this  part  of  the  work  since  it  was 
built  in  1803,  by  MM.  Chanoine  and  ]>e  Lagrene ;  It  therefore  conforms 
to  tbe  ty[>e  of  navigable  passes  described  in  the  articles  written  by 
tbeee  engineers.    (Anuales,  18U1, 18<>b.) 


Tbe  weir  built  in  18C4,  acconling  to  M.  Chanolne's  system,  of  au- 
tomatic wickets,  provides,  between  tbe  pier  and  the  abutment  on  the 
rislit  bank,  an  oi>eiiing  of  330  feet;  it  was  closed  by  fifty  wickets  6 
fti-t  7  inches  high  and  i  feet  3  inches  wide ;  its  sill  is,  at  tbe  reference, 
S9.TC.  A  breach  of  about  115  feet  was  made  in  it  In  1809,  near  the  right 
barLk,  in  order  to  provide  »  temporary  channel  for  navigation  during 
the  continuance  of  tbe  work  undertaken  on  the  lock.  Its  length  is  at 
Vtm-at  reduced  to  124J  feet,  and  it  now  has  only  tweniy-sevuu  of  the 
former  wickets.  A  service  foot-hiidge,  supporter]  by  twenty-seven 
uiovable  trestles,  like  those  of  the  Poiroe  dams,  on  which  rolls  a  lifting 
niudlass,  was  constrncted  above  tbe  wickets  in  1870. 

Ail  the  maneuvers  of  tbe  wickets  are  now  readily  performe<l  by  means 
of  this  windlass,  and  the  apparatus  of  movable  con ntor- weights,  with 
^hich  they  were  originally  provided,  has  been  removed,  having  become 
uscleiss  alter  the  construction  of  the  foot-bridge.  (See,  ou  this  subject, 
the  adilitioual  note  at  the  end  of  this  article.) 


The  sluice  which  is  the  object  of  this  article  was  constructed  between 
tin;  1st  of  May  and  23d  of  October,  1870,  in  order  to  close  the  breach 
opened  iu  the  weir  in  1869. 

When  the  wickets  are  down  it  gives  an  opening  of  94^  feet  between 
tlie  pier  which  separates  it  from  the  weir  and  the  abutment  oirtbe  rigbt 
haob,  whose  alignment  has  been  preserved.  Its  sill  has  been  fixed  at 
tlie  reference  8;i.8«j  tbat  is,  at  2  feet  4  inches  below  that  of  the  old 
navigable  pass.  The  level  of  the  lower  pool  usually  does  not  faIl„L> 
P— 2  "^ 
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daring  low  water,  below  the  rererence  86.15,  as  bas  been  mentioned 
above;  the  draugUt  of  water  on  the  sill  of  the  sluice  wilt  therefore  be, 
except  occasiouaily,  greater  than  2  feet  4  inches.  On  the  other  hand, 
the  lowest  water  known  at  Port  A-1'Auglaia  was  observed  on  Septem- 
ber 29,  1865,  to  be  at  the  reference  81.&1,  and  on  Jnly  27,  1870,  at  the 
reference  84.87;  but  these  extraordinary  depressions  each  time  only 
lasted  a  few  hours.  The  first  time  the  Snresnesdam  had  not  been  built; 
the  second  time  it  was  completely  open,  and  in  the  two  cases  the  dia- 
ciiar^e  of  the  Seine  was  exceptionally  reduccc)  by  the  simultaneous 
closing  of  several  of  the  dams  situated  above  Paria,  and  the  lock,  whose 
four  gates  were  open,  then  sufficed  for  the  total  discharge  of  the  Seine. 

The  normal  back-wat*r  of  the  Port-A  1' Anglais  dam  rises  to  the  refer- 
ence 96.00;  that  is,  to  12  feet  2  inches  above  the  sill  of  the. sluice;  but 
the  strength  of  all  the  parts  of  the  latter  construction  has  been  calcu- 
lated on  the  supposition  that  a  sheet  of  water  1  foot  i  inches  in  depth 
may  flow  over  the  tops  of  the  wickets,  or,  what  is  nearly  the  same  tliiug, 
on  the  supposition  that  the  height  of  the  wood-work  of  the  new  wickets 
may  subsequently  be  increased  so  as  to  give  6  feet  7  inches  of  draagbt 
Id  the  upper  pool  instead  of  5  feet  3  inches. 

This  work  has,  then,  been  built  so  as  to  be  able  to  maintain  a  lift  of  13 
feet  5  inches  above  ita  sill.  In  fact,  since  it  has  been  in  operation  the  lift 
has  several  times  been  increased  to  nearly  this  height.  Thns,  on  No- 
vember 23,  1871,  and  ou  January  20,  May  22,  and  October  14, 1872,  the 
water-surface  was  raised,  without  the  least  inconvenience,  as  much  as 
13  feet  1  inch  and  13  feet  3  inches  above  the  sill. 

The  diflerence  of  level  is  as  much  as  9  feet  10  inches,  and  may  be 

even  greater  when  the  water  is  low  in  the  lower  pool.    Thus,  on  October 

*  3,  1872,  the  water  above  the  dam  rose  to  the  refereuce  96.45,  and  below 

it  to  the  reference  86.71.     It  has  been  shown  above  that  this  lost  level 

could  fall  to  80.15,  and  even  lower. 

The  movable  apparatus  for  closing  the  new  sluice  was  constructed  ac- 
cording to  the  system  of  M.  Chanoine,  but  in  order  to  support  so  great 
a  pressure  of  water  it  appeared  necessary  to  modify  some  parts  of  the 
models  designed  and  esecnted  by  M.  Chanoine  for  wickets  of  9  feet  10 
inches  in  height.  This  remarkable  system,  the  only  one  which  experi- 
ence has  thus  far  sanctioned  for  movable  dams  of  great  height  and  con- 
siderable diflereiice  of  level,  being  well  known,  it  will  suffice  to  describe 
these  modifications.  They  are  five  in  number,  and  relate  to  the  width 
of  the  wickets ;  the  height  of  their  axis  of  rotation ;  their  inclination  to 
the  vertical ;  the  traverse  proBle  of  the  floor ;  and,  lastly,  the  substitu- 
tion of  a  service  foot-bridge  tbr  the  maneuveriug  boat. 

CHAPTER    II. 


Chanoine  wickets,  9  feet  10  inches  in  height,  are  3  feet  11  inches  wide, 
and  the  static  pressure  of  the  water  on  the  up-stream  face  of  each  one 
of  these  does  not  exceed  Irom  13,000  to  15,000  pounds.  It  will  be  seen 
further  on  that  the  same  pressure  may  exceed  0,047  pounds  per  running 
foot  for  the  udl  wickets  of  Port-4 1' Anglais.  It  was  theu  very  desirable 
to  reduce  as  much  as  possible  the  width  of  the  latter.  It  has  been  Jixed 
at  3  feet  3  inches,  and  it  would  hardly  have  been  possible  to  adopt  a  less 
width  without  reducing  beyond  meaanre  the  width  of  the  horses,  whose 
base  ought  to  be  large  enough  to  insure  stability  in  a  plane  at  right 
Angles  to  the  axis  of  the  river,  and  to  prevent  the  wickets  fironi  bend- 


19 

injr  to  the  right  or  thp  left  of  their  normal  position  under  the  action  of 
theobliqne  forc«B  ivhich  they  may  sometimes  have  to  suataJn  either 
>heo  aprieht,  or  when  dropped  on  the  fioor. 

Kedticeil  to  c^  width  of  3  feet  3  inches,  the  wood-work  of  the  wickets 
l)M  been  simplified  by  suppressing  two  out  of  the  four  aprights.  Figures 
Klland  104,  Plate  19,  slinw  the  arraDgementa  adopted.  A  wicket  is 
amply  coini>oBed  of  two  8  by  12  stiles,  12  feet  S  inches  long,  connected 
hy  fuur  transoms,  with  mortiROS  aud  t«uon8,  and  with  two  2-inch 
planks  fastened  to  these  transom-pieces  between  the  stiles.  The  upper 
iniQsom,  that  belonging  to  the  cbase,  is  streu;Ttbtined  by  an  iron  baud, 
aa  JH  ;i]so  the  trau-som  belonging  to  the  breech,  nnd,  in  additioLi,  large 
Mt8,3feet  3  inches  long,  traverse  the  entire  width  of  the  wood-work, 
anil  ^ve  it  great  stiflriess  by  binding  the  stiles  against  the  transoms  and 
tiie  planking. 

Tlie  c»8t-iron  counterweight  placed  on  the  breech  is  held  by  a  bolt 
vhjch  passes  tiirough  it;  it  weighs  about  220  pounds. 

WASTE  OF  WATER  THROUGH  THE  DAM, 

Ab  it  is  important  to  reduce  as  much  as  possible  the  volume  of  water 
vbich  cau  flow  through  the  dam  when  the  difference  of  level  is  great, 
ibe  tickets  have  been  made  water-tight  by  tougning  and  grooving  the 
t'o  planks  and  by  snpporCing  them  on  rabbets  cat  in  the  stiles,  while 
in  the  wickets  first  made  much  water  was  wasted  through  the  seven  ver- 
tical craoks  t>etweeo  the  four  uprights  and  the  four  planks,  which  only 
tOQched  each  other. 

^'evertheleSB,  the  interval  of  four  inches  has  l>een  preserved  between 
1^0  neighboring  wickets,  as  it  appeared  necessary  in  onier  to  prevent 
them  from  striking  one  another  during  the  maneuvers,  when  they  are 
'fightly  thrown  out  of  their  normal  jrasition  by  an  oblique  traction. 
Moreover,  this  space  is  useful  to  provide  for  the  discharge  at  mean 
"'iiRes;  and  if  it  should  prove  too  wide  during  low  water,  it  can  easily 
^  ndiicetl  by  nailing  small  battens  of  from  three-quarters  of  an  inch  to 
winch  and  a  quarter  on  the  side  of  a  stile. 

Ifwecall  Q  the  height  of  the  lower  pool  above  the  sill,  and  j?  the 
•lifference  of  le\'el,  we  can  calculate  approximately  the  disuharge  through 
"le  interval  of  four  inches  between  the  two  wickets  by  the  formula  tor 
tlie  discharge  over  a  weir : 

Q  =  0.33  (O.tiO  k  +  0.40  R)  yfTJU 

If  ffe  suppose  the  lower  pool  at  the  refereuce  8G.15,  and  the  upper  at 
the  reference  90.00,  this  formula  gives,  tor  the  Port  il-I'Anglais  sluice, 
V= 43.334  cubic  feet;  for  the  old  navigable  pass,  y^  32.492  cubic  feet, 
and  for  the  river,  Q^17.6.'J8  cubic  feet. 

Xlierefore  for  the  whole  dam — 
28x17.658  +  43  X  32.492  +  27  x  43.334  =  3061.60  cubic  feet. 

This  discharge  is  nearly  double  that  of  the  lowest  water  in  the  Seine ; 
bul  exjwrience  has  proved  that  it  can  be  reduced  almost  as  much  as  may 
It  desired  by  making  the  interval  between  the  wiekets  by  joint-covers 
w  wooden  needles,  which  the  lock-tender  easily  manages  while  passing 
along  above  the  dam  in  a  boat.  Thus  far  the  placing  of  joint-covens 
over  balfj  or  at  most  over  three- fourths,  of  the  spates  between  the 
"icketa  has  sufficed  to  keep  up  the  level  of  the  Port-il  I'Anglais  pool. 

The  joint- CO  vers  which  seem  to  have  succeeded  best  for  the  sluice  are 
"wdles  with  square  cross-sections ;  they  are  placed  as  wedges  between 
t^o  adjoining  wickels,  the  faces  of  the  needles  making  an  angle  of  45° 
*>th  those  of  the  wicket.    For  the  old  pass,  as  for  the  other  dams  of 
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the  Upper  Seine,  whose  )itt  is  mach  less,  joiot-covers  are  nsed  of  from 
niue  and  a  half  to  tvelve  iuches  iu  width  and  two  incbes  in  tliickueiiB, 
and  tbey  are  laid  flat  on  the  up-utream  faces  of  Ihe  wicketa;  bnt  tbe 
square  needles,  placed  as  wedges,  cause  a  greater  diminution  of  the  dis- 
charge. It  is  qnite  probable  that  the  dam  can  be  made  almost  com- 
pletely water-tight  by  needles  of  a  suitable  shape,  covered  with  leathei 
or  India  rubber,  if  it  should  become  neceasary  to  reduce  tbe  loss  of 
water  to  tbe  minininm,  for  instance,  in  order  to  use  the  tall  for  supply- 
ing i>ower  to  a  factory. 

HEIGHT   OF  THE  AXIS  OF  ROTATION  OF  THE  WICKETS. 

The  wickets  of  the  navigable  pass  ought  not  to  swing  spontaneonsly 
around  the  up^wr  journals  of  the  horses  to  wbicb  they  are  faHteued.  Jl. 
(Jbanoine  called  tlieiu  non  automatic  wickets,  iu  opposition  to  those  of 
tbe  weir,  in  his  different  articles,  (Annales,  1855,  1859,  1861,  1868;)  and 
from  the  l>eginning  hethoroughly  explained  that  if  they  should  biippea 
to  swing  spontaueouBly,  a  seriona  and  dangerous  disturbance  would  re- 
sult in  tbe  levels  of  the  pools,  and  that,  in  addition,  bodies  barely  Qont- 
iug  or  rolling  on  the  lied  of  the  river  might  stop  among  the  horses, 
entangling  themselves  under  tbe  breeches  of  tbe  wickets,  nnd  that  it 
would  then  be  ditiicult  to  raise  tbe  latter. 

From  this  he  concluded  that  the  axis  of  rotation  on  the  horse  should 
be  bettveen  the  third  and  the  half  of  tho  height  of  the  nicket,  and  he 
placed  it  at  five-twelfths  of  tbis  height;  bnt  this  proportion  of  five- 
twelttbs  is  not  at  all  absolute ;  it  depends  mainly  on  tbe  level  of  tbe 
lower  pool,  iind  should  increase  iu  proportion  as  this  level  is  raised  in 
relation  to  the  axis  of  rotation.  It  was,  then,  very  imiKirtant  not  to 
adopt  this  proportion  tor  the  new  sluice  at  Port-4-l'Angtais  withont  ex- 
amination, as  its  spontaneous  aud  uoforeseeu  opening  would  cause  a  sud- 
den change  iu  the  stage  of  water  at  Fads;  but, on  the  other  hand,  tbe 
more  the  axis  of  rotHtiou  is  raised,  the  greater  the  length  of  tbe  horse 
and  of  the  prop,  and  it  was  imitortaut  to  reduce  to  what  was  strictly 
DOcesHary  the  already  large  dimensions  and  weights  of  these  important 


Tbe  height  adopted  results  from  the  following  calculation,  in  which  I 
have  limited  myself  to  the  consideration  of  the  hydrostatic  pressures 
on  the  wickets  of  the  water  above  and  below.  Tbe  other  forces,  which 
MM.  Ofaanoineaud  De  Lagren^  sought  to  include,  (Annales,  18CI,  second 
half-year,  pages  278  and  following,)  the  pressure  due  to  the  velocity  of 
the  water,  the  weight  of  the  wicket,  and  the  friction,  appeared  to  mo  to 
have  little  importance  iu  the  case ;  tbey  may  be  neglected  in  compaiisou 
with  the  hydrostatic  pressures,  and  moreover  it  is,  at  least  at  present, 
impossible  to  calculate  with  any  accuracy  the  pressures  dne  to  the  veloc- 
ity of  the  current,  and  especially  bow  they  are  distributed  over  the  dif- 
ferent parts  of  the  wicket.  It  cannot  be  done  without  introducing  into 
tbe  calculations  coefilcients  entirely  unknown  ;  besides,  Uiere  is  no  seri- 
ous error  in  admitting  that  the  resultant  of  these  pressures  acts  veiy 
nearly  at  the  center  of  figure  of  the  wickets,  and  that,  consequently,  its 
influence,  like  its  lever-arm,  is  very  feeble. 

Let  H  be  the  vertical  height  of  a  wicket,  including  the  lap  of  4  inches 
against  the  sill; 

M,  tbe  depth  of  tbe  sheet  of  water  that  pours  over  its  top ; 

A,  the  height  of  the  surface  of  the  lower  pool  above  the  sill  of  the 
dam; 

a,  the  angle  which  the  wicket,  when  up,  makes  with  the  vertical ; 

C,  the  vertical  height  of  the  breech  : 
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The  preasnre  of  the  upper  water  upon  a  wicfeet  of  3.28  feet  in  width 
irillbe— 

p  ^62.5  X  3.28  H(S+2'u) 
2  coa  a 
The  lever-arm  of  this  force,  referred  to  the  base  of  the  wicket,'will 
be- 

,_       g(g  +  3H) 
'-3c08a(i/+2K) 

and  referred  to  the  axis  of  rotatiou — 

SjH+Su) 


CO»a        3  COS  a  (E+2a) 

Whence  the  moment — 

pr       20aH{H+2u)/-f,     B{H+Su\ 

^^  =  — ^i^^ —  V^    r(M+ifi)) 

The  preesnre  of  the  water  below  will  be— 

The  lower  arm  of  this  force  referred  to  tbe  bottom  line  of  the  wicket, 
"hiuh  is  i  iuches  below  tbe  sill,  would  be — 


l'= 


and  referred  to  the  axis  of  rotation — 
jy  ^g  — 0-33 

cos  a 

Whence  the  moment — 


'-(^*  +  0.33^ 


2  cos'  o  \  6  / 


The  wicket  cannot  swinfj  as  long  as  i*  i  is  greater  than  F'L' ;  since 
the  ratio-—^'-  is  independent  of  the  value  of  the  angle  a,  we  can  tem- 
porarily lay  aside  the  determination  of  the  angle,  which  will  be  studied 
farther  ou,  and  can  compare  the  values  of  PXicos'  a  and  I"  TJ  cos*  a 
which  lea^ls  to  anpposiiig  for  tbe  moment  that  a  =  0  and  cos  =  q  1.00. 

For  the  wickets  of  tbe  Port-Al'Anglais  sluico,  on  the  supposition  that 
'^~%Hzs  12,47,  and  calling  i  tlie  lever-arm  of  tbe  resultant  of  the  forces 
^aiidP'  referred  to  tbe  base  of  tbe  wicket,  we  have — 
P=:  10939 +  2556« 


1    z 

Pl- 

155.5+  37.41  w 
37.41 +  tf« 
=  66202.6  +  15939  li 
.  102.5  V 

i'  = 

=  5  +  0.33 

i»l' 

=  34.17  F  +  34.17  V=34.17  »■(»  +  1) 
,_P1— P'P 

,db,Googlc 
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To  show  clearly  tbe  variations  of  A,  I  have  prepared  the  folloffiug 
double-entry  tuble,  whicb  gives  the  dillereut  values  of  tliis  lever-arm 
for  tbe  values  of  u  written  in  the  first  horizootiU  line,  and  the  value  of 
k  indicated  in  tbe  first  vertioil  column : 


Height  of  the  opptr  pool  iil»Te  tho  alll. 

Deplh  of  owrtDw. 

...^ 

«=0.33 

"-"-—I— 

H  +  u      0.3S 

,^» 

ji«        13.81        ian        inr 

Helgbtof  tbe  lowgr  podl  on  the  «1U. 

bueoriba*lck«U  =  A. 

*       B^ 

4.M 

5.06 

lit 

s.ao 

S.3S 
S.-J9 

5.31 

si  30 
5-117 

3.M 

S.40 

5N 

■=.1* 

It  will  be  (teen  that  the  length  of  tbe  lever-arm  of  tbe  resultant  of  the 
hydrostatic  pressures  of  the  water  above  and  below  the  dam,  referred 
to  the  base  of  tbe  wickets,  increases  with  the  heigbt  of  tbe  two  pools, 
and  that  for  a  maximum  lift  of  13^  feet  above  tbe  sill  it  does  not  exceed 

■    ■      *'"r  a  wicket  whose  angle  with 


5.49  feet  for  a  vertical  wicket,  or  — ^  ' 


the  vertical  is  a. 

The  sill  of  tbe  dam  being  4  inches  above  the  base  of  the  wickets,  I 
have  placed  tbe  axis  of  the  upper  joiiruals  of  tbe  borsem  at  0  feet  2 
iiicbes  above  tbe  sill;  it  follows  from  this  that  the  horses  have  a  length 
of  6  feet  3  inches  measured  between  the  axis  of  their  upjier  and  lower 
journals,  and  thatltbe  verticiil  projei;lion  of  tbe  breech  of  the  wickels 
has  a  height  of  5  feet  7  inches.  As  tbe  wickets  are  inclined  sit  an 
angle  of  2IP  witb  the  vertical,  the  length  of  Ibeir  breech  mea^surt-d 
along  tbe  inclination  of  tbe  planking  is  5  feet  11  incbes;  that  of  tbeir 
chase  reaches  7  feet  1  inch  or  6  feet  9  incbes,  according  a»  account  is 
taken  or  not  of  the  board  of  4  incbes  verticHl  beigbt,  which  must  be 
fastened  on  top,  as  is  the  case  witb  tbe  other  navigable  parses  of  the 
Upper  Seine,  in  order  to  raise  the  top  of  the  wicket  to  tbe  normal  level 
of  tbe  pool,  if  it  be  considered  necessary,  and  if  the  discbarge  of  the 
river  be  too  small  lo  supply  continuously  an  overflow  of  4  inches. 

The  wickets  thus  arranged  are  slid  less  exposed  to  swinging  sponta- 
neously, since  tbe  dam  is  generally  entirely  open  before  tbe  water  below 
rises  to  0  feet  10  incbes  above  tbe  sill ;  that  is,  to  the  reference  03.70, 
for  there  would  then  be  in  the  upper  pool  without  any  artificial  lift  a 
draught  of  water  of  nearly  9  feet  lb  inclies.  Moreover,  at  tbis  stage  of 
water  the  sudden  opening  of  the  Port-A  I'Auglais  darn  would  no  longer 
produce  a  daugerous  change  of  level  in  the  upper  and  lower  pools;  tbe 
change  in  discbarge  which  results  from  it  l>eing  not  very  great. 

For  this  reason,  the  experiment  was  made  on  tbe  2Cth  of  January  and 
28tb  of  February,  1S72,  of  retanling  the  opening  of  tbe  dam  ;  tbe  wick- 
ets of  tbe  old  navigable  pass  were  Nwung  when  the  water  rose  to  tbe 
refereoiie  0C.49  above  and  92.71  below;  that  is,  to  an  elevation  of  10 
feet  4  inches  in  tbe  upper  pool  and  6  feet  7  inches  iu  tbe  lower  pool 


above  the  sill  of  this  pass ;  and  the  water  was  permitted  to  rise  to  the 
referenoe  96.81  in  the  upper  i>ool  «nd  94.19  in  the  lower  pool  betbi-e 
tie  slaice  was  opened;  its  wickets  were  thus  held  in  place  while  the 
upper  pool  was  13  feet  and  the  lower  pool  10  feet  4  inches  above  the  sill. 
It  ia  true  that  these  wickets  then  began  to  oscillate  on  their  horses ; 
bat  after  inclining  slightly  they  spontaneously  became  erect,  and  not 
one  of  them  was  completely  swung.  Besides,  this  alternating  pendulous 
movement  was  chiedy  caused  by  the  current  on  the  up-streatn  side,  and 
by  the  eddy,  which  was  caused  on  the  down-stream  side  by  the  almost 
entire  opening  of  the  old  pass  and  of  the  weir,  the  greater  portion  of 
viiosc  wickets  were  thrown  down  or  swung  on  tlieir  borses. 

SPONTANEOUS  MOTBMBNTS  OP  IHE  OLD  WICKETS. 

We  have  just  seen  that  the  wickets  of  the  old  pass  (which  have  a 
height  of  9  feet  10  inches,  an  inclination  of  8^  with  the  vertical,  a  breech 
of  i  feet  6  inches,  a  chase  of  5  feet  9  iuches,  and  have  the  ases  of  the 
Bl»l)pr  journals  of  their  horses  placed  at  4  feet  1  inch  above  the  sill) 
swung  spontaneously  on  the  2Gth  of  January,  1872,  when  the  river  rose 
ou  their  sill  to  It)  feet  i  inches  on  the  up-stream  and  6  feet  7  iuches  on 
thedowD-stream  side.  MM.  Chanoine  and  de  Lagreu6  had  predicted 
Ibis  fact  very  accnrately  in  their  memoir  published  in  18(il ;  for  they 
say  [page  292)  that  the  wickets  of  the  La  Citanguette  dam,  which  they 
take  as  an  example,  would  swing,  if  the  water  should  rise  at  any  one 
timeon  their  sill  tt>  10  teet  8  inches  up  stream  and  6  I'eet  6  inches  down 
stream.  Experience  has  in  fact  proved  that  all  the  navigable  passes  of 
the  Upper  Seine  swing  when  the  water  rises  on  the  sill  to  abonttt  feet  7 
iuches  below  and  to  10  feet  2  inches  or  10  feet  6  inches  above.  Bat  the 
auibors  of  the  memoirs  suppose  {pages  292  and  293)  that  it  is  practica- 
l>le  to  regulate  the  pools  of  the  Coudmy  and  the  Citanguette  dams  in 
Buch  a  way  that  the  water  shiilt  never  overflow  their  tops  by  more  than 
4  inches,  and  they  suppose,  besides,  that  the  sloi>e  of  the  pool  between 
these  dams  will  riot  exceed  6  inches,  so  that  the  water  would  never  rise 
ON  the  sill  of  the  Citanguette  dam  to  more  than  6  feel  on  the  <lowu- 
stream  and  10  feet  2  inches  on  the  upstream  side. 

In  this  they  committed  an  error  of  overestimating,  especially  in  the 
matter  of  the  slope  of  the  pools,  and  they  concluded  wrongly  thnt  the 
tickets  ol'  the  navigalile  pauses  of  the  Seine  would  never  swing  spouta- 
DeoQsly;  for  it  is  nut  possible  to  regulate,  within  sucb  narrow  limils,  the 
height  of  the  waters  above  and  below  a  movable  daui.  With  a  series  of 
tl»msat  regular  intervals,  snch  as  those  which  give  to  the  Yonne  and 
tlie  Seine  artificial  pools  between  Auxerre  andParis,  over  more  than  one 
hiiudred  and  twenty-fbnr  miles  of  length,  it  happens  tolerably  often  that 
<t  is  neceasary  to  pass  a  tem[>orary  wave,  without o|>ening  the  navigable 
|ia»ie8  of  the  dams,  its  they  would  have  to  be  closed  again  in  a  few 
hours  later,  and  this  doable  maneuvering  would  cause  serious  disturb- 
iinoes  in  all  the  pools,  and  would  cause  many  incouveuiences  to  navi- 
gators. 

The  water  can  therefore  rise  to  more  than  4  inches,  and  even  to  more 
than  10  inches  above  the  normal  levels  of  the  pools,  allhoujib  the  regit- 
jiiting  weirs  may  be  entirely  o[>en.  All  that  is  needed  to  produce  this 
i«  that  a  dam  be  maneuvered  too  rapidly,  or  even  that  a  storm,  in  the 
valley  of  the  Yonne,  should  add  its  waters  to  a  discharge  of  the  river, 
already  a  little  too  great. 

Oti  the  other  band,  e\ea  if  we  admit  that  the  height  of  the  water  just 
above  a  dam  can  be  regulated  at  will,  the  slopes  ot  the  pools  canuot  be  Ic 
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controlled,  and  they  increase  very  rapidly  with  the  discliarj^e  as  the 
resnlating  weira  am  openeil.  Thus  tlie  slope  of  the  pool  between  Le 
Coudmy  and  La  CitanKoette,  which,  by  siipjiosittcn,  should  not  exceed 
6  inches,  was  actually  only  from  2  inches  to  4  inches  during  the  first 
fortnight  of  October,  1872:  it  varied  between  1  foot  and  1  foot  4  inches 
during  the  preceding  raontlis  of  July,  Anguat,  and  September;  during 
the  months  of  3Iay  and  June  of  the  same  year  it  rose  to  an  average  of  1 
foot  8  iiichea,  and  even  reached  2  feet.  Notwit)istanding,  during  all  this 
period  the  level  of  the  water  above  the  Le  Oondray  dam  oscillated  some- 
times a  little  below,  soinetimea  a  little  above,  the  tops  of  the  wicket«. 

FLUTTER-  (PAPILLON-)  VALVES. 

We  now  remedy  the  inconveniences  which  are  caused  by  the  sponta- 
neous movementa  of  the  wickets  of  the  old  navigable  passes  of  the 
Upper  Seine  by  placing  between  the  uprights  of  their  chases  little  au- 
tomatic valves  called  flutter- valves.  The  aame  expedient  could  be  used 
for  the  large  wickets  of  the  sluice,  if  it  should  aubsequently  be  desira- 
ble to  add  to  tlieir  height  in  order  to  increase  the  draught  of  water 
in  the  upper  pool  to  6  feet  7  inches  instead  of  6  feet  3  inches,  and  they 
should  then  threaten  to  swiug  too  easily. 

The  flutter-valves  are  nothiDg  but  M.  Ohanoine'a  automatic  weir- 
wicketa,  whose  dimensions  have  been  reiluced  so  as  to  make  them  tit 
between  the  uprights  of  the  pass-wickets.  They  are  3  feet  S  inches  iu 
vertical  height  and  1  foot  5  inches  wide;  their- tops  are  placed  imme- 
diately under  the  cap  of  the  ciiase,  and  are  S  inches  below  the  normal 
level  ot  the  pool.  When,  then,  the  water  rises  to  S  iuchea  tibove  this 
level,  each  of  them  supirarts  a  weight  of  water  of-^- 

"  X  3«  X  62.3(30  +  2  xl6),_8jl  a, 

li 28  X  2  COS    a  COS  a  "^ 

It  ia  clear  that  if  this  little  vulve  opena  before  the  swinging  of  the 
wicket  which  carries  it,  the  pressure  on  the  chase  of  this  wicket  will 
be  sufficiently  reduced  tor  it  to  remain  up.  It  wilt,  tljerefore,  suffice  if 
the  axis  of  rotation  of  the  flutter-valve  be  placed  at  such  a  height  that 
it  will  swinff  spontaneously  before  the  wicket  that  aup|H>rl8  it;  that 
is,  when  the  witter  is  pouring  over  thia  wicket  to  a  depth  of  from  4  to 
C  inches.  On  the  other  hiiiid,  the  spontaneous  movementa  of  automatic 
valves  reduced  to  these  small  dimensions  cause  no  inconvenience;  for 
experience  has  proved  thHt  one  man  in  a  skiff  can  always  shut  them 
without  ditficulty  by  means  of  a  simple  boat-hook,  and  no  effort  has 
been  made  to  cause  them  to  close  spontaneously.  They  open  of  them- 
selves, but  they  would  not  close  of  themselves  unless  the  jwol  fell  con- 
aideraldy  below  its  normal  level.  The  lock-tender  must  therefore  set 
them  up  by  hand  before  this  takes  place. 

I  made  the  first  trial  of  these  flutter- valves  at  Port-4-l'AngIais,  where 
two  were  put  in  place  in  1871 ;  then,  in  1872,  ten  were  placed  in  each  of 
the  passes  of  Evry  and  Le  Coudray ;  finally,  at  tiie  beginning  of  this 
year,  I  had  them  placed  in  the  chases  of  all  the  wickets  of  the  Coudray 
pass.  In  my  o|>inion,  these  experiments  show  that  these  little  machines 
work  with  great  ease,  and  that  they  give  no  trouble,  either  iu  maneuver- 
ing or  iu  dis<rhiirging  a  surphis  of  water. 

They  discharge  so  little  that  their  spontxneons  opening  cannot  make 
too  rapid  a  change  in  the  levels  of  the  pools,  and,  on  the  other  hand, 
they  ofter  many  advantages.  White  they  postpone  the  time  for  the 
wickets  to  swing,  they  work  well  with  the  weir  in  assisting  to  regulate 
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the  lerel  of  the  pool,  both  during  medium  stages  and  wben  tlie  dam  is 
abont  to  be  closed. 

Ibe  discharge  of  some  of  the  CJpper  Seine  weirs,  espccitilly  that  of 
Fort-M'Xnglais,  which  w»s  reduced  oite-hatf  in  ISiU,  is  sometimes  in- 
sufficient at  average  stagea.  The  same  case  holds  at  Melun,  where  the 
niivigable  pass,  2i;i  ft^et  in  wiilth,  occupies  all  of  the  left  channel,  and 
the  weir  is  replaced  by  a  small  needle-dam,  13L  feet  in  width,  which  had 
foruerly  been  budt  across  the  right  channel.  Although  its  sill  was 
placed  below  low  water,  this  small  dam,  or  at  least  the  chauuel  of  the 
river  at  whose  lower  end  it  is  placed,  does  not  always  suffice  for  the  dis- 
cliarge  of  the  Seine  when  the  dum'of  the  wide  channel  is  closed.  The 
dainmed  water  then  rises  iu  the  wide  channel  considerably  above  the 
crent  of  the  pass- wickets,  even  when  the  small  needle-dam  is  entirely 
0|>eii,  and  this  bright  cannot  he  rednced  without  opening  the  pass.  By 
plflcitig  flutter-ralves  in  the  wickets  of  the  Melun  and  Port  i  I'Anglais 
passes,  the  iusufflcienvy  of  discharge  of  theii  weirs  will  easily  be  reme- 
did. 

On  the  other  band,  it  sometimes  happens  that  the  fall  increases  too 
rapidly  during  tlie  closing  of  a  navigable  pass,  and  that  the  raising  of 
the  last  wickets  then  becomes  difficult,  either  because  the  discharge  over 
tbetreir  is  insufficient,  or  because  its  sill  has  been  placed  a  little  too 
higb.  This  fact  is  especially  noticeabfe  at  Albon,  Melun,  and  Varcnnes. 
Tbis  inconvenience  can  in  some  measure  be  obviated  by  opening  the 
flutter-valves  as  the  wickets  are  raised;  the  sill  of  the  valves  being 
placed  at  5  feet  11  inches  above  that  of  the  dam,  as  soon  as  the  water 
of  tlie  pool  rise«  to  this  level,  the  discharge  of  the  valves  that  are  open 
is  added  to  that  of  the  weir,  and  consequently  the  difterence  of  level 
iucreases  less  rapidly. 

Lastly,  experience  at  the  Coudray  dam  has  recently  shown  another 
advantage  of  flutter  valves.  When  the  pass  of  the  dam  is  clo-sed,  and 
tbe  weir  is  nearly  all  oi>en,  au  eddy  begins  below  the  lock,  which  causes 
considerable  annoyance  to  boats  entering  or  departing ;  the  river-men,  for 
this  reason,  have  several  times  requested  the  construction,  below  the 
lotliB  of  the  Upper  Seine,  of  lines  of  piles  bke  those  which  have  been 
placed,  with  the  same  object  in  view,  below  the  locks  at  Snresnes,  Con- 
HaiiN,  and  other  places  on  tbe  Lower  Seine.  Moreover,  since  the  wick- 
ets of  the  Condray  Pass  have  been  provided  with  flutter-valves,  there 
has  no  longer  been  any  troublesome  eddy  at  the  foot  of  the  lock ;  these 
valves  are  left  open  as  long  as  the  weir  is  not  entirely  closed,  and  that 
suffices  to  spread  the  current,  iu  a  uniform  and  regular  manner,  over  the 
entire  width  of  the  river  below  the  dam. 

AKGLE  OF  THE  WICKETS  WITH  THE  TERTICAL. 

^ben  tbe  wickets  are  up,  the  resultant  of  the  pressures  which  they 
sustain  is  decomposed  into  two  fonses  normal  to  their  faces,  of  which 
one  is  overcome  by  the  resistance  of  the  sill,  and  the  other  acts  on  the 
top  of  the  horse.  The  latter,  being  ordiuatily  directed  iu  the  angle  which 
tbe  prop  makes  with  the  prolongation  of  the  horse,  is  resolved  into  two 
otbers,  of  which  one  compresses  tbe  prop,  and  tbe  other  tends  to  tear 
out  the  horse  and  the  sill  to  which  it  is  fastened ;  it  therefore  acts  with 
tbe  nnderpressiires,  which  the  floor  must  resist. 

Ibis  last  component  is  the  most  injurious  of  all  to  the  solidity  of  tbe 
*ork ;  it  is  then  quite  advantageous  to  reduce  it  as  much  as  iKissible ; 
>t  evidently  decreases  as  the  wickets  have  a  greater  inclination  with  the 
viMtical;  and  it  would  be  completely  done  away  with  if  tbe  latter  were   > 
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placed  noi-mni  to  the  props.  But,  on  the  other  hand,  id  proportion  as 
they  are  inclined,  their  lengths  are  increaBed,HH  also  the  total  pressnre 
which  tliey  support,  and  tlie  pressure  on  the  head  of  the  horses  ;  there 
is,  therefore,  an  opi>ortunity  to  cxamiue  into  what  is  the  best  slope  to 
adopt,  for  thai  of  S*^  was  fixed  somewhat  arbitrarily  by  the  inventor  of 
dania  with  movnble  wickets. 

The  following  calculations,  in  which  I  have  limited  myself,  as  before, 
to  tlie  consideration  of  the  hydrostatic  i>rea»Dres  of  the  water  above  and 
below  the  dam,  cansed  me  to  adopt  the  angle  of  20°  instiiad  of  8°  (or 
the  Port-il-l'Anglais  sluice ;  moreover,  I  have  neglected,  in  this  calenla- 
tion,  the  counterpreasnre  of  tLe  water  on  the  down-stream  side,  as  it 
may  become  very  small  when  the  river  is  low  ;  besides,  its  only  effect 
is  to  diminish  the  pressures  which  the  different  parts  of  the  works 
should  resist.    There  is  therefore  no  risk  in  neglecting  It. 

Let  lis  preserve  the  notation  already  used,  and  call — 

Q  the  pressure  on  the  head  of  the  horse ; 

H  the  component  of  this  pressure  in  the  direction  of  the  prop ;  and 

T  the  component  in  the  direction  of  the  horse. 

The  value  of  Q  can  easily  be  found  by  taking  the  moments  of  P  and 
Q  uroniid  the  sill.  As  1  inches  of  Ibe  wicket  rest  against  it,  the  lever- 
arm  of  P  is — 

j_  0.33 
cos  a 

That  of  Q  is— 


«"^  ('-»".)«-" 


But  we  have  aeeu  farther  back  that— 


6C252.6  + 15930  m 


We  will  then  have — 

_  6093!>.6  +_15087tt 

V-  ((,'— U.33)cosa 

This  formula  shows  incidentally  that  there  is  an  advantage  as  regards 

the  resistance  of  the  horse  and  ot  the  prop  in  increasing  the  height  of 

the  axis  of  rotation  ;  this  heiglit  being  determined,  and  C  being  luade 

6.58,  we  have  Anally — 

-J  ^  11607.54  +  2873.7  «_    B_ 
cos  a  COS  a 

To  find  the  values  of  Sand  r,it  is  necessary  to  know  the  shape  of  the 
triangle  formed  by  the  horse,  the  prop,  and  the  floor ;  for — 

^      !lu  («  T) 

Kow,  the  prop  is  the  hypotheunse  of  a  right-angled  triangle,  whose 
height  is  that  of  the  top  of  the  horse  above  the  floor,  and  whose  base 
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is  tim  length  of  the  faorse  iocreased  by  the  space  required  to  seat  the 
trj|i{iiiigTod  and  the  Toot  of  tlie  prop  between  the  horse  wlieii  tlirowD 
ilovn  ou  the  floor  uud  the  hearter.  It  follows  from  this  that  the  incli- 
uatioii  of  the  prop  to  the  horizon  is  about  37°. 

Od  the  other  hand,  the  inclination  of  5^  np  stream,  given  in  M.  (3ba- 
Doiiit's  model,  has  Iteen  retained  for  the  horse,  in  order  to  place  the  cen- 
ter uf  gravity  of  the  wieketa  on  the  np-streaui  side  of  theii-  lower  axis  of 
rotation;  for,  ou  the  one  bund,  the  ariangemeut  facilitates  the  patting 
iu  place  uf  tlie  prop  when  the  daui  is  raised,  and,  on  the  other  hand,  it 
prevents  the  wickets  from  falling  on  the  tloor  at  the  least  displacement 
of  the  proiJ,  even  when  there  is  no^ater  pressure  on  them,  which  would 
be  vtrj-  dangerous  for  the  workmeu  when  putting  the  wickets  in  place, 
titber  during  their  original  coustructioa  or  when  there  is  occasion  to 
rtplitce  them. 
It  follows  from  this  that  the  angle  between  the  prop  and  the  horse  is — 
S  T=9Q°~31°  —  o°  =  4Bo 
tbe  angle  of  the  horse  with  the  force  Q,  normal  to  tbe  plane  of  the 
wicket — 

Qr=850— a 
and  the  angle  of  the  prop  with  the  force  Q — 
<iS  =  31°  —  a 
We  then  have — 

g  ^  9  sin  (8SO— a)_-B  Bin  (85°— a) 

siu  4»'^  Biu  48°  cos  a 

T  =  Q  Bin  (37°— °)_^  g  sin  (37°— a) 

sin  4."i°  siu  43°  cos  a 

Tlie  angle  a  causes  the  forces  above  given  to  vary  at  tbe  same  time 

with  tbe  ieiigth  and  the  bending  moment  of  the  wicket. 

Tbe  wicketa  being  12J  feet  iu  height  and  8  inches  thick,  their  length 

12.50  — 0.67  sin  a 


TofiniUhe  landing  momeutof  their  wood-work,  if  a  horizontal  line  be 
Oruffit  across  the  planking  at  a  height  x  below  the  top,  and  tbe  moment 
of  tbe  fuHMs  acting  above  this  level  be  taken,  we  find* — 

B  I        62.5  X  (j:  +  2  M)  x  (x  +  3  u)  62.5  {x?  +  3  u  j^) 


n  2  cos  a  3  cos  a  [x  +  2u]  6  COS*  a 

Tbis  moment  reaches  its  maximum  when  x  represents  tbe  height  of 
tbe  chase,  or  when — 

12.50— (5.C0  + 0.67  Bin  a)  =  6.90  — 0.67  sin  a 
Neglecting  0.67  siu  a,  and  taking  a;  =  6.90,  which  will  give  a  bending 
'■'oment  somewhat  too  great,  we  find — 

It  I       3411.02  +  1483.05 «  D 

«  cos*  O  cos*  a 

By  means  of  these  formulas,  it  is  easy  to  take  into  account  the  influence 
i>f  the  angle  a  ou  the  different  forces  under  consideration.  Tbe  sim- 
P'fat  method  of  bo  doing  is  to  form  tbe  following  table,  which  gives 

•Note  by  Translators.— fl  ia  tlie  pull  or  thrnst  ou  tbe  outermost  fiUers.  I  iB  the 
inomnnt  of  inurtia  of  the  orogB-sectioti ;  n  ia  tbe  (liHtanoe  from  tbe  neutral  axia  to  lh« 
lulermow  Gber.    (See  Stooey  ou  Siraiua,  vol.  I,  p.  «.) 


^"ioot^le 


nnmbcrs  proportional  to  these  forces>for  the  different  values  of  a,  and 
in  which— 

^=15939  +  255CM 

Ji=11007.54  + 2873.7  u 

D=Zill.02  +  1483.05  « 


f' 

Lenpth  of  tht 

wiokel— 

the  lirul  of 

Ibeboiao- 

tha  prop- 

"Jorae- 

BAndlnK  mo- 

OflhBWick. 

RI         D 

S(K> 
37= 

13.06 

liaMi  A 

1.0000  £ 

lioijj  B 

lloHl  B 

liawi  fl 

i.30»i  n 
liasai  B 

0,809MB 

S,!S| 

D.ouooo 

l,orwD 
l.MI*  O 

IVo  sen  that  by  giviug  the  wickets  an  iiicHtiutioii  of  20°  instead  of 
leaving  them  vertical,  we  increase  their  Iciij^th  b.v  0.5fi  loot,  the  total 
pressure  on  the  head  of  the  horse  and  on  the  wicket  by  6.4  per  cent,,  and 
the  bending  moment  of  the  woodwork  by  13.25  per  cent.,  all  of  which 
is  imitortant;  but,  on  the  other  band,  the  compression  en  the  prop  is 
slightly  lessened,  and  the  force  that  tends  to  pull  up  the  sill  is  dim)uishe<l 
nearly  one-half,  (0,42  instead  of  0.81.) 

This  last  result  is  very  important,  and  caused  the  angle  of  20°  to  be 
adopted  at  Port.  iVl'Auglais ;  a  smaller  value  of  a  would  make  the  upward 
pull  on  the  sill  too  great,  aud  a  greater  value  would  make  the  other 
forces  increase  too  rapidly. 

If  we  suppose  the  surface  of  the  npper  pool  to  be  1.30  feet  above  the 
crest  of  the  wicket,  and  that  of  the  lower  pool  to  be  as  low  as  possible, 
siuce  its  edect  was  neglected  in  tlie  calculatioua,  we  have — 
u=1.3U 
.^  =  19262    pounds 
5=15343.4  pounds 
J>  =  5339     pounds 
By  substituting  for  the  letters  in  the  preceding  table  these  valnes,  we 
form  the  following  table,  which  gives  the  amount  of  the  various  forces 
called  into  play,  not  by  proportional  numl>ers,  but  in  absolute  value. 


Bt»i«.o„tbewick«t.<or«. 

o>-.rilo-of..30. 

Kkket. 

»w7ckot. 

I  be  hune. 

Compres- 
thD  prop. 

hone. 

Iho  frame. 

FaL 

FoMOd,. 

Pmndt. 

Pound., 

sr 

a«H).7 

vmiol      imio 

KnD.a 

CHAPTER    III. 


The  preceding  table  gives  ub  tbe  uieans  of  reftdily  calculating  tbe 
strength  of  the  different  part«  of  the  dam ;  the  figures  oa  Plate  19  show 
the  urmngetnents  that  these  catculatioos  have  caused  me  to  ado^Jt. 


WOOD-WOEK  OP  THE  WICKBTS. 


Thewood-work  of  the  wickets  has  been  already  descrilwd.  If  we  neg- 
lect the  resistance  of  the  plaiikiug,  the  heudiiig  Diomeut  of  each  upright 
vill  be  at  tbe  outside — 


The  area  of  the  cross-section  of  these  uprights  is  1  foot  by  0,67  foot ; 

bence — 

Z;  =15-^1^:5!!  =  0.0748  =  « 

n  0 

T^bence  R  =  40416.4  ponuds  per  square  foot,  or  280.7  pounds  per  square 
iucb  at  the  utmost.  The  load  home  by  the  planking  and  by  the  tran- 
soms is  still  less:  but  the  wood  of  the  wickets  must  not  be  greatly 
stTdined  if  we  wish  to  make  it  last,  l>ecau3e  it  is  subjected  to  mauy  and 
poaerful  causes  of  iujury. 


Tlie  horses  (Fig.  10.5,  Plate  10)  are  6  feet  and  3  inches  long  between  the 
aspB  of  the  upper  and  lower  journals,  2  feet  6  inches  wide  at  the  base, 
and  1  foot  8  inches  at  the  head,  exclusive  of  the  journals.  They  are 
Dinde  of  six  pieces  of  wrought  iron,  simple  in  form,  and  easily  put 
together;  each  one  weighs  420  pounds:  their  dimensions  woald  scarcely 
hxve  permitted  their  construction  in  one  piece  with  curved  cheeks  to 
Kwite  the  fastenings  of  tbe  prop,  as  in  M.  Ohanoine's  model. 

The  head  of  a  horse  is  a  straight  shalt  without  any  eccentricity ;  its 
diameier  varies  fn)m  5  inches  tor  the  central  [tortiou  that  carries  the 
prop  to  2i  inches  at  the  ends  that  form  the  journals.  The  shape  of  this 
xhflit  thus  approKimales  that  of  a  solid  of  equal  resistance ;  fur  it  works 
'ike  a  beam  fastened  at  the  middle.  The  Haiiges,  between  which  tbe 
prop  is  held,  are  provided  with  stnds,  which  allow  the  prop  to  move 
toward  the  slide,  but  prevent  any  play  in  the  opposite  direction. 

tbe  foot  of  the  horse,  like  the  head,  is  a  cylindrical  shaft,  terminated 
'^^  journals.  This  shalt  is  3  inches  in  diameter,  and  the  journals  are  2^ 
iochea. 

The  posts  are  of  wronght  iron,  1 J  inches  by  3  inches.  They  have  an 
p,v«  at  each  end,  thron^h  wbicli  pass  tbe  ends  of  the  shafts.  A  riveted 
Itey  is  sufficient  to  bold  them  together.  Besides,  the  [>osts  are  connected 
l).t  two  transoms  1  j  inches  in  diitueter,  riveted  at  the  ends. 

We  see  from  the  above  table  that  the  tension  on  the  horse  cannot 
^^ceed  6,424  [lounds.  The  posta,  being  in  cross-section  2  x  1 J  inches  x  3 
inches  =  9  square  inches,  appear  at  first  glance  too  strong,  since  they 
'"Pport  lees  than  75(t  pounds  per  square  inch  ;  but  they  have  frequently 
^^ithstand  shocks  or  very  much  greater  strains;  thus,  when  the  wickets  > 
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are  raiH«<],  the  resnitnnt  of  tbeir  weight  aii«1  of  the  pnll  ten<]s  to  com- 
press the  horses,  and  the  same  thing  octiurs  when  the  wickets  are  swung; 
hencf,  it  was  necessarj'  to  ni»ke  the  Uorties  very  stiff,  so  that  they  would 
not.  lose  shape  niider  any  circn instances  whatever.  From  this  last  point 
of  view,  it  mightperhupshave  been  well  to  have  replaced  the  two  transoms 
by  a  eross-bar.  As  tor  the  hea<l  of  the  horse,  its  dimensions  have  tieen 
determined  for  the  niaximam  strain  it  may  have  to  bear. 

The  last  table  gives  for  the  total  pressure  of  the  wicket  on  this  member 
16,326  pounds,  or  a  strain  on  each  journal  of  about  8,200  pounds,  acting 
at  one  loot  from  the  bearing  on  tbe  prop.  On  the  other  hand,  the  reac- 
tion of  the  horse  may  reach  6,424  pounds, or  3,20U  {tounds  tor  each  post, 
acting  at  8  inches  from  the  bearing.  These  forces  give  two  moments : 
8200  X  10  =  Sl-'OO  foot-pounds,  and  3200  x  0.67  =  2144  foot-imunds; 
the  axis  of  the  first  lying  in  the  plane  of  the  wickcl.,  and  of  the  second 
normal  to  the  horse.  Tiie  parallelogram  of  forces  gives  a  resultant  mo- 
ment of  about  8,900  foot  pounds,  and  we  have,  for  tbe  shaft  foruiiug  the 
head  of  the  horse — 

^-l  =  S900 
n 

the  radius  of  this  shaft  being  0.216  foot — 


or  10,000  pounds  per  8C|uare  inch  at  tbe  oatside.    The  shearing-strains 
supported  by  tbejotunaUare  very  small. 

PEOP. 

We  have  seen  that  the  prop  may  have  to  resist  a  compressive  strain  of 
20,000  pounds.  It  becomes  theu  a  matter  of  the  greatest  importance  that 
this  strain  shonld  be  directed  exactly  along  the  axis  of  tbe  prop ;  conse- 
queutly,  the  bend  at  tbe  upper  end  iu  tbe  original  model  has  been  aban- 
doned. 

Tbe  object  of  this  bend  was  to  leave  under  tbe  pmp  when  tbe  wickets 
were  down  the  necessary  height  for  the  tripping-rod ;  the  same  result 
has  beeu  obtained  by  slightly  low^ering  the  floor.  When  a  wicket  is  down, 
it  rests  on  four  stone  blocks  tliat  project  a  little  above  tbe  floors;  besides, 
the  chase  is  held  up  by  two  cleat^  on  the  stiles;  by  this  very  simple  ar- 
rangement, tbe  wicket  is  perfectly  supported,  no  warping  of  the  wood- 
work is  to  be  apprehended,  and,  finally,  the  horse  and  prop,  although 
straight,  are  held  above  the  tripping-rod,  aud  cannot  interfere  with  its 
movements,  as  shown  ia  Fig.  102,  Plate  19.  The  prop  is  only  a  connect- 
ing-rod, of  which  the  hoi^e  is  the  crank ;  hence,  its  baud  has  the  shape 
used  for  connecting-rods.  It  is  attached  to  the  horse  by  a  strap  aud 
keys,  through  which  is  passed  a  bolt.  These  keys  support  all  tbe  puUiug 
Strains,  aud  the  bolt  only  prevents  the  strap  from  opening.  This  ar- 
rangement was  borrowed  from  the  plan  designed  by  M.  Hiracb  for  dams 
on  the  Sa6ne;  but  in  hisplan,the  head  of  the  horse  wasecceutrie,  which 
made  its  shape  very  complicated  and  very  hard  to  fashion.  This  eccen- 
tricity was  not  used  at  Port-tVI' Anglais. 

The  prop  is  3^  iuches  in  diameter,  with  a  sectional  area  of  12^  square 
inches.    It  will  sustain,  at  tbe  outside,  2,100  pounds  per  square  iocb; 
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uid  the  ratio  of  tta  length  to  its  diameter  is  40.  The  pro])  shoald  be 
lightlf  loaded ;  for,  Hithouffh  itis  BtraiRlit,  we  caunot  be  sure  tliat  tlie 
pressure  it  auatains  will  hIwhj-s  Hct  exactly  along  its  axix  of  ttgiire;  it 
may  be  throwD  stigbtiy  oat  of  its  normal  position,  and  tbe  sligbtest 
deviation  wilt  greatly  increase  the  strain  of  2,100  pounds. 

The  props  weigh  about  600  pounds  apiece;  but  the  greater  part  of 
tills  veighh  is  placed  near  the  lower  end,  as  sliown  in  the  drawing,  so 
that  the  carrent  may  not  be  able  to  raise  them  ai  the  time  of  closing 
the  dam  by  moving  them  from  the  point  of  rest  that  tbeysbould  then 
hare  ugainst  the  hearter, 

ARBANGBMEKTS  AND  FASTENING  OF  THK  SILL. 

The  sill  is  made  of  three  pieces  of  wood  instead  of  a  single  one,  IS 
b.T  IS  inches,  as  in  the  original  model ;  for  the  iuctiuatiou  and  thickness 
wlopted  for  the  wickets  would  have  given  too  great  a  sectional  urea  for 
a  single  piece. 

Tbe  first  of  these  pieces  holds  the  journal-boses  of  the  horses.  Its 
cro&vgection  is  12  by  16.  A  rod,  'i  inches  in  diameter,  runs  through  it 
in  the  plane  of  the  asis  of  each  wicket,  and  fastens  it  to  a  cast-iron 
disk  20  inches  in  diameter,  placed  beneath  the  masonry,  10  feet  below 
Ihe  Bill;  the  upward  component  on  each  horse  being  at  the  outside 
6,424  pounds.  These  rods  only  bear  2,045  {wunds  per  sqnare  inch,  and 
Ehe  volnoie  of  masonry  resting  on  the  cast-iron  disks  is  quite  suffiuieut 
n  resist  any  lifting  efforts. 

A  second  striug-piece,  placed  on  top  of  the  first,  receives  the  pressure 
of  tha  horses,  and  a  third  receives  the  shock  of  Che  wickets  when  the 
nlstng  is  finished.    This  last  is  the  real  sill  of  the  dam. 

These  three  pieces  of  wood  bind  together  the  cut  stones  of  the  door. 
They  are  connected  with  each  other  and  with  these  stones  by  iron 
Urap8,(Fig3. 102, 103,  Plate  19.)  This  system  of  timbers  covering  the 
eat  stones,  and  themselves' partly  covered  by  bands  of  plate-iron,  is, 
perhaps,  somewhat  complicated ;  but  it  appeared  necessary,  on  tbe  one 
hand,  to  avoid  any  shook  coming  upon  the^tone  without  being  deadened 
by  the  elasticity  of  an  intervening  piece  of  wood,  and,  on  the  other 
iiaad,  in  order  that  boats  (when  the  dam  is  open)  and  the  wickets 
(when  the  dam  is  being  opened)  may  not  rub  on  the  timbers  or  the 
stones,  bat  only  on  the  coverings  of  iron ;  and,  lastly  and  chiefly,  in 
onler  to  insure  the  nnion  of  all  the  cut  stones  of  which  the  sill  la 
formed. 

COLLARS  AND  JOUBHAL-BOXES.  OF  THE  HORSES. 

The  original  model  of  tbe  collars  by  which  the  wicket  is  fastened  to 
the  head  of  the  horse  has  been  preserved  almost  unchanged ;  only  the 
dimensions  have  been  somewhat  increased,  and  tbe  projecting  shoulders, 
designed  to  limit  the  inclination  of  the  wicket  wheu  swung,  have  been 
abandoned,  because  tbe  usefulness  of  these  shoulders  has  not  been  well 
^wn,  and,  on  the  other  hand,  under  certain  circumstances,  they  pre- 
wot  the  disadvantage  of  increasing  greatly  the  force  required  to  raise 
tbp  wickets.    Each  of  the  collars  weigbs  about  55  pounds. 

Tbe  shape  of  the  sill  has  caused  the  east-iron  journal-boxes,  that,  in 
the  original  model,  received  the  lower  journals  of  the  horses,  to  be  re- 
placed by  plumber- blocks  of  the  pattern  ordinarily  employed  to  support 
borizontal  shafts.  Experience  shows  that  it  is  almost  always  necessary 
to  URe  a  diving-dress  to  take  up  tbe  wooden  wedges  tbat  close  the  old- 
faebioned  journal-boxes,  and  1  thought  that  it  would  not  be  more  diffl- 
enlt  for  a  diver  to  nnscrewafew  nuts  than  to  take  up  these  wooden 
Wedges;  bat  the  nuts  may  become  rusty,  and  it  may  be  difficult  to 
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remore  them ;  and  although  rast  does  not  generally  attack  iron  con- 
stantly submerged,  it  might  have  beeu  better  to  rt-tain  the  p»tt«rii  ot 
the  old  boxes,  aod  to  modify  thetn  to  auit  the  form  adopted  for  the  sill. 
I  regret  not  having  doue  thia. 

HEVRTERS,  SIJDE3,  TRIPFIKO-RODS. 

The  henrters  and  slide-i,  the  trip|)ing-rod,  its  Riipports  and  capstimn, 
are  very  nearly  in  confonuity  with  the  original  uiodeU  of  M.  Chauoini;, 
exc«pt  an  to  tlieir  dimuusiona,  which  have  been  very  ninch  increased. 

Besides  the  unequally- spaced  shoulders,  which  act  successively  on  the 
propti  when  the  wickets  are  lon-ered,  the  tripping-md  is  provide<l  with 
equally -spaced  counter-shonlders,  which  at  the  same  time  cover  all  the 
slides  when  the  rod  is  not  in  use.  This  very  simple  arrangement,  de- 
vised by  M.  Lambert,  agent  of  the  second  class,  does  not  permit  any 
unexpected  escape  of  the  props  from  the  heurters,  as  Hoineiimes  ha|>- 
pened  in  the  old  navigiible  passes;  moreover,  experience  shows  that 
there  is  no  inconvenience  attendant  upon  it.  The  ttipping-rod  is  much 
heavier  than  it  should  lie,  as  the  contractor  did  not  cut  away  the  part^* 
between  each  catch  and  its  counter-catch  to  the  extent  contemplated 
by  the  plan,  and  it  reaeml>lea  the  notched  rods  nsed  on  Ihe  Marne  fot 
the  weirs  of  M.  Lenichc  Desfontaiue's  system,  except  that,  on  thesi' 
weirs,  the  props  rest  on  the  solid  part  of  the  iwl;  whereas,  at  Port-i- 
I'Auglais,  they  are  held  between  the  notches.  Tfie  trippiug-rod  weighs 
27  pounds  per  running-foot;  this  great  weight  gives  no  trouble,  pro- 
vided that  its  center  of  gravity  be  on  the  line  of  supports ;  on  the  con- 
trary, it  is  very  usefid  to  have  ttie  bar  of  a  size  proportionate  to  the 
strains  it  may  have  to  undergo,  and  for  this  reason  the  idea  of  usiug 
special  U  or  double  T-irous  was  ubaiidoued. 

Objections  have  frequently  been  made  to  M.  Th^nard's  system  ot 
tripping  rods,  used  in  M.  Cbanoiue's  dams ;  but  actual  experience  shows 
that  these  rods  work  very  well,  except  in  case  of  accidents,  that  could 
not  be  foreseen,  or  of  fciults  in<the  first,conatraction  ;  only  they  mnst  be 
of  a  size  sufficient  to  easily  overcome  friction,  and  remove  the  grarci 
that  max  surround  them.  It  is  sometimes  necessary  to  use  a  great 
deal  of  strength  on  the  manenvering-capstan  ;  hence,  their  dimensions 
must  be  proportional  to  the  power  of  the  capstan,  and  the  size  of  thi 
gravel  that  may  binder  their  motion  ;  their  joints  must  also  be  simple 
and  the  bolts  fastening  the  parts  together  must  be  keyed,  for  the  Intrs 
frequently  vibrate  throngh  the  effect  of  the  fall  of  water,  and  in  thi,- 
case  the  iissenibling-nuts  become  unscrewed  spontaneously.  These  con 
siderations  must  cause  the  rejection  of  special  and  light  irons  for  thi' 
trippingrotis,  and  the  adoption,  on  the  contrary,  of  solid  and  heavy 
irons. 

Finally,  the  tripping-rod  is  but  an  accessory,  and  in  no  way  an  essen 
tial  element  of  wicket-dauis ;  and  when,  by  chauce,  it  cannot  work,  the 
dam  is  easily  opeued  by  letting  down  the  wickets  one  by  one  with  tbi 
maneuvering- boat  in  like  manner  as  they  were  raised.  For  this  purposi', 
it  is  BufQeient  to  first  reduce  the  ditferetice  ot  level  by  o|)ening  thr 
weir,  which  has  always  beeu  an  easy  oiieration  since  the  foot-bridge-i 
have  been  constructed ;  the  only  ettect  is  to  cause  au  unimportant  delay 
in  the  maneuver. 

SEBVIGE-BBIDGE. 

It  did  not  seem  to  be  prudent  to  rely  on  a  maneuvering-boat  to  raisp 
the  lurge  wickets  of  the  pass  at  Port-a-t'Auglais,  and  a  service-bridgt 
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formed  of  treaties  like  those  of  M.  Poirte,  lias  been  constmcteil  on  their 
upstream  side,  but  tbc  oiilj-  use  of  tbo  bridge  is  to  carry  the  wind- 
lias  that  maneuvers  the  wickets,  as  had  already  been  done  for  the  wicket- 
dama  on  the  Marue  and  8at)ue ;  it  waa,  in  fact,  a  return  to  51.  Chanoine'a 
original  idea,  experimented  upon  by  him  in  1853  at  Coiirbeton,  at  the 
;;iiie  of  liis  first  trials  with  wickets  swinging  on  a  movable  horse. 

It  may,  at  first  sight,  seem  iuttonisbing  that  a  servicebridge  shoald  be 
neteasary  for  the  smallest  wickets,  (those  of  the  weir,)  and  for  the  largest, 
Hlio.-«  of  the  sluice ;)  and  that  the  manenvering-boat  should  be  retained 
for  the  dam  proper,  or  the  old  navigable  pass,  *liere  the  wickets  are  of 
an  iulenuediatc  size.    The  explanation  is  simple  and  perfectly  logical. 

It  is  first  necessary  to  throw  out  of  question  weirs  closed  by  small 
tickets  CJ  feet  high,  because  tliey  are  not  at  all  under  the  same  condi- 
tioDs  as  navigable  passes  of  larger  dimeusions.  The  wickets  of  a  uavi- 
pable  pass  must  always  be  either  wholly  opened  or  wholly  closed.  They 
sliould  always  be  raised,  without  causing  a  rise  of  the  water-8urfa«e  :  or, 
at  Iwist,  they  should  cause  a  very  slight  one,  which,  in  principle,  allows 
tlienseof  a  maneuvering-boat.  The  weirs,  on  the  contrary,  serve  to 
njalate  the  level  of  the  pool,  and  must  be  maueuvered  under  the  normal 
fall  at  the  dam,  either  when  they  are  swung  or  when  they  are  set  up. 
It  is  this  condition  that  necessitates  the  establishment  of  a  service- 
liridge,  because  a  boat  could  not  be  safely  kept  above  wickets  swung, 
or  ready  to  swing,  spontaneously  j  that  is  to  say,  at  the  head  of  a  ca'ta- 
raciof  at  least  6J  feet  fall,  and  in  a  current  of  great  velocity,  which 
fonna  very  dangerous  whirlpools. 

To  thoroughly  elucidate  this  point,  I  think  that  I  ought  to  reproduce, 
at  tlie  end  of  this  article,  a  note  which  I  prepared  at  the  close  of  1868 
on  lije  subject  of  the  changes  which  experience  had  shown  to  be  neces- 
siiry  in  the  weirs  on  the  Seine.  Fig.  OS,  Plate  IS,  shows  the  bridges  that 
^«^re  added  in  ISCS  to  all  the  weirs  on  the  Seine,  in  conformity  to  the 
I>liiQ  that  I  was  charged  with  preparing,  and  which  was  approved,  with- 
oat  chaugc,  by  the  decision  of  ilareh  8, 18G9. 

Si)  far  as  the  passes  are  ^ncerned,  it  is  evidently  a  matter  of  great 
importance  to  avoid  the  construction  of  a  service-bridge,  and,  as  far  as 
iKissible,  to  maneuver  the  wickets  with  a  boat;  for,  besides  the  addi- 
lional  expense  of  a  bridge,  its  presence  has  the  disadvantage  of  greatly 
fctaniing  the  opening  of  Che  dam,  since,  after  having  thrown  down  the 
ticket,  the  trestles  must  be  let  down  one  by  one.  Sow,  it  is  sometimes 
necessary  to  perform  the  maneuvers  very  rapidly,  on  the  arrivelof  a 
Hood  or  of  floating  ice.  In  this  last  case,  the  opening  of  a  wicket-dam 
"■ithoQt  a  bridge  is  easily  accomplished,  and  has  been  done  several  times 
on  the  Upper  Seine,  without  the  last  inconveuicuce,  by  means  of  the 
hippiugrod,  although  the  river  was  full  of  floating  ice  above  the  dam  ; 
''utjon  the  contrary,  the  lowering  of  the  trestles  under  the  same  cir- 
cumstances is  a  very  long  and  difiicult  operation. 

The  maneuvering- boats,  designed  by  M,  Chanoine  to  raise  wickets 
10  feet  high,  are  perfectly  planned,  ariacged,  and  equipped  to  do  their 
v»t]i.  They  seem,  at  first  sight,  to  be  rather  small  aud  weak  for  the 
machinery  and  crew  that  they  have  to  carry ;  but  they  are  intended  to 
rest  against  the  perfectly  firm  screen  formed  by  the  wickets  already  ia 
plMe,  and  their  dimensions  are  proportioned  to  those  of  the  wickets, 
if  the  boats  were  made  larger  they  would  be  too  strong  and  heavy,  aud 
tlie  wickets  might  be  broken  in  maneuvering.  This  important  cousider- 
ntion  sbovi's  why  we  can  no  longer  rely  on  a  boat  to  maneuver  the  larger 
^i«ket«}  for  we  would  have  to  increase  the  tonnage  of  the  boat  much 
more  rapidly  than  the  dimensions  of  the  wickets,  in  order  that  its  crew 
P-3 
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niiglit  work  iu  safety.  The  strength  of  tbe  boat  woald  do  longer  be  in 
proportiOQ  to  the  straina  from  the  maiienvering-maobinerj,  and  tbe  latter 
might  be  broken  at  any  movement  of  the  boat,  and  it  would  be  difficult 
to  rest  it  against  the  wickets  already  up. 

Anchoring  the  boat  above  the  dam  has  been  tried,  it  is  trae,  especially 
at  the  dams  of  tbe  Belgian  Menae,  instead  of  resting  it  against  the 
wickets  already  raised,  so  it  might  lie  with  the  current  and  not  across  it; 
but  this  arrangement  seems  to  me  to  involve  the  very  disadvantages  jnat 
mentioned.  The  boat  being  alone  in  tbe  midille  of  the  current,  instead 
of  resting  against  a  perfectly  firm  support,  must  necessarily  be  of  much 
greater  tonnage.  Although  it  be  fastened  by  a  number  of  ropes  stretched 
taut,  these  ropes  will  still  be  elastic ;  and  when  a  wicket  is  pulled,  tbe 
power  exerted  is  no  longer  confined  to  the  boat  and  tbe  workman.  If 
the  boat  becomes  unsteady,  it  acts  by  its  weight  and  the  elasticity  of  tbe 
long  ancboring-ropes.  The  power  applied  to  the  wicket  may  Ihen  become 
sufficient  to  break  it,  instead  of  merely  raising  it.  Besides,  the  dam- 
tenders  are  at  a  distance  from  the  wickets,  and  cannot  watch  their  move- 
ments, nor  be  sure  that  tbe  prop  is  tightly  in  place  against  the  heurt«r. 

It  is  probable  tbat  we  might  still  have  got  along  with  a  maneuvering- 
boat  at  Portill'Anglais  for  raising  the  wickets  of  the  sluice,  for  experi- 
ence has  shown  tbat  this  maneuver  does  not  require  a  much  greater  force 
than  for  wickets  of  10  feet  in  height;  but  we  will  see  farther  on  that 
special  circumstances  demanded  the  construction  of  a  service-bridge  at 
Fort  M'Anglais  on  tbe  up-stream  side  of  the  large  wickets. 

D1ME^-SI0^'S  AND  AEBANGEUGNTS  OP  THE  TBESTLEB. 

The  only  special  feature  of  the  trestles  of  tbe  bridge  consists  in  tbeir 
being  much  larger  than  those  that  up  to  that  time  bad  been  built;  they 
are  16  feet  9  inches  in  total  beigbt,  while  those  of  tbe  needle-dams  of  tbe 
Lower  Seine  are  only  10  feet  10  inches,  and  those  of  the  bridges  of  the 
wicket-dams  on  tbe  Sa«'ine  are  about  13  feet.  Their  weight  is  propor- 
tionately Blill  greater  than  tbeir  height,  for  each  of  tbein  weighs  1,350 
pounds;  hut  that  gives  no  trouble;  they  are  raised  and  lowered  by  a 
very  light  windlass,  and  this  maneuver  is  very  easy,  because,  since  the 
center  of  gravity  of  the  trestles  is  quite  low,  tbe  strain  on  the  windlass 
is  inconsiderable. 

Finally,  whatever  be  the  size  of  a  trestle,  it  is  always  easy  to  set  it 
firmly,  and  to  maneuver  it  with  tbe  assistance  of  a  windlass;  and  it  is 
evidently  not  tbe  size  of  tbe  trestle,  but  that  of  tbe  needles,  which  limits 
the  height  that  can  be  given  to  Poir^e  needle-dams.  In  tbe  case  in 
question,  the  trestles  are  only  intended  to  support  the  wind]a.ss  for 
maneuvering  tbe  wickets;  nothing,  therefore,  prevents  their  being  of 
the  necessary  size  and  strength,  no  matter  what  may  be  the  height  of 
tbe  lift,  or  the  weight  of  the  wicket  to  be  maneuvered. 

The  only  trouble  with  large  trestles  comes  from  the  recess  in  the  floor 
which  is  to  receive  them  when  they  are  down;  for  deposits  of  one  kind 
or  another  may  form  there,  and  it  must  he  cleaned  out  before  the  dam 
can  be  opened.  The  depth  of  this  recess  increases  very  rapidly  with 
the  size  of  tbe  trestle,  because,  when  they  are  down,  their  slope  is  pro- 
portional to  their  thickness,  and  inversely  as  their  distance  apart. 

At  Port-i-1' A nglais  this  depth  is  2  feet;  on  tbe  other  band,  the  floor 
of  the  bridge  is  placed  19  inches  above  the  mean  surface  of  tbe  pool, or 
iincbes  above  the  highest  level  that  it  is  thought  it  can  reach;  hence, 
the  total  height  of  the  trestles  is  12  feet  2  inches  +  2  feet  +  1  foot  7 
iucbes  =  15  leet  9  inches. 
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They  form  a  trapezoid,  of  whieh  the  upper  base,  wbich  carries  the  floor, 
isifeetlong;  the  lower  base,  or  axle,  10  feet  2  inches j  the  up-stream 
post,  being  vertical,  15  feet  9  inches ;  the  down-stream  post  is  inclined 
at  5  vertical  to  3  base ;  and  the  brace,  3  vertical  to  2  base. 

It  is  essential  to  the  solidity  of  the  wickets  that  the  brace  shoald  have 
a  considerable  inclination.  In  this  case,  its  inclination  was  determined 
Ity  tbe  double  condition  that  the  wickets  sbould  not  touch  the  trestles 
in  any  of  their  maneuvers,  and  that  the  chain  fastened  at  one  end  to 
the  wicket  and  at  the  other  end  to  the  windlass  on  the  bridge,  sbonld 
be  at  an  angle  of  45°;  which  is  the  beat  arrangement  to  facilitate  the 
raising  of  the  wickets.  It  follows  from  this  condition  that  the  distance 
of  the  bridge  from  the  sill  of  the  wickets  increases  with  the  dimensions 
of  the  latter.  This  is  why,  in  Fig.  91,  Plate  18,  the  bridge  of  the  sluice 
is  farther  from  the  wickets  than  that  of  the  weir. 

Besides  the  brace,  the  trestles  are  stiffened  by  three  horizontal  tran- 
80018  and  a  fourth  inclined  one,  forming  with  the  brace  a  Saint  Andrew's 
cn^g.  Except  the  lower  axle,  which  is  a  cylinder  3  inches  in  diameter, 
all  the  pieces  composing  tbe  trestle  are  of  D-iron,  as  in  the  Sadne  tres- 
tles; but  these  irons  areS  inches  in  height,  IJ  inches  broad,  and  J  inch 
thick,  and  weigh  5.4  pounds  per  foot ;  while  the  size  of  the  irons  taken 

on  the  Sadne  is  ^^|  —  and  they  weigh  3.85  pounds  per  foot. 

For  equal  weights,  T7-irons  have  mach  greater  transverse  strength 
than  square,  cr  even  T-irons,  or  the  cross-shape  adopted  for  the  trestles 
of  the  Lower  Seine,  since  the  material  is  farther  from  tbe  neutrai  axis. 
The  joints  are  more  easily  made,  and  the  weight  of  5.4  pounds  per  foot 
IB  less  than  that  of  tbe  1)  by  IJ  employed  in  the  construction  of  M. 
Poir^e's  small  trestles.  Figs.  102  and  109,  Plate  19,  show  the  arrange- 
ineuts  of  the  trestles  at  Port-A-l'Anglais ;  all  the  joints  are  stiffened  by 
large  bracket-plates  of  shceMron,  0.3  inches  thick,  and,  in  addition,  by 
Toughtiroa  knees  at  the  four  corners  of  the  trapezoid.  Tbe  knees  of 
the  npper  angles  have  gudgeons,  on  which  are  placed  the  transoms  or 
claw-balks,  that  answer  for  rails  for  the  maneuvering  windlass,  and  the 
hooks,  called  link-catcfaes,  that  hold  the  maneHvering-cbains  of  the 
^iutels;  the  up-stream  angle  has,  besides,  an  iron  post  that  holds  a 
Pojie  forming  a  hand-rail  for  tbe  service-bridge. 

TO  DETERMINE  THE  STBENOTH  OF  THE  TEESTLEE. 

It  was  very  difficult  to  determine  in  advance  the  power  required  to 
raise  the  wickets,  since  this  powfer  depends  principally  on  the  velocity 
of  the  cnrrent  and  on  the  difl'ereiiee  of  level  at  the  time  of  closing  the 
last  wickets;  and  this  velocity,  and  especially  the  resulting  resistances, 
are  scarcely,  if  at  all,  known. 

From  the  approximate  calculations  that  can  be  made  on  this  sub- 
ject, and  especially  after  the  experience  at  other  dams,  it  has  been  cou- 
mieil  that  the  power  required  to  be  exerted  on  a  wicket  from  the  foot- 
bridge would  never  reach  6,618  pounds ;  and  experience  has  fully  eon- 
Grmed  this  estimate.  Moreover,  this  weight  of  6,618  pounds  is  nearly 
"hat  the  trestles  would  sustain  if  there  were  placed  against  them,  not 
needles,  which  undoubtedly  could  not  be  handled,  but  temporary  shut- 
lere,  to  retain  the  backwater,  iu  case  of  necessity,  without  the  help  of 
thH  wickets,  sbould  any  of  the  latter  need  repairs. 

In  fact,  if  the  wateraliould  then  attain  its  maximum  level  of  13^  feet 


atiove  the  8ill,  the  pressure  ou  the  top  of  tlio  treatlea  per  ruiiDJiig  foot 
would  be — 

62.5  ^^^  =  1SS4.C  poands, 

and  67S4.C  pouuds  per  trestle,  ijiuce  the;  are  3.60  feot  apart  from  axis  to 
axis, 

Tlie  trestles  have,  theu,  been  placed  so  that  each  one  conld  support  at 
its  cap  a  pull  from  the  maneaveriugchaiu  of  a  wicket  of  6,618  pounds, 
under  an  angle  of  40°;  besides,  the  strength  of  each  one  of  thepartshaa 
been  calcnlated  separately,  without  considering  the  ties  that  hold  all 
the  nieiubers  together,  and  they  could  susCaiu  casual  strains  three  or 
four  times  as  great.  In  fact,  it  is  necessary  to  make  allowance  for  the 
shocks  that  may  occur  under  certain  circumstances. 

The  top  transom  being  a  U-iron  of  5.4  pounds  per  foot,  its  section  ia 
nbont  IJ  square  inches  under  a  tension  of  6,618  pounds  x  cos  4j°}  the 
strain  on  this  piece  is  then  only  3,100  pounds  pet  square  inch. 

The  down-stream  post  makes  an  angle  of  21°  with  the  vertical,  or  24° 
with  the  maneuvering  chain,  which  is  never  far  from  45°.  A  force  of 
6,618  pounds  applied  to  this  chaiu  may  give,  on  tbe  down-stream  post,  » 
compression  of — 

C018  iwunds  x  cos  24°  =  0046  jiounds. 

On  account  of  the  great  length  of  this  piece,  notwithstanding  that  it 
is  stiffened  by  three  transoms,  it  is  made  of  two  U-beams,  placed  back 
to  back  and  riveted  together,  and  tbe  entire  section  is  3.1  square  inches, 
and  the  strain  is  1,950  pounds  per  square  inch.  It  seemed  necessary  not 
to  put  a  heavy  load  on  this  piece ;  for,  should  it  bend,  tbe  strain  on  the 
brace  might  be  too  great. 

The  brace  makes  an  angle  of  32°  with  the  vertical.  The  pull  at  the 
top  exerted  by  the  trestle-cap  is  decoaiposed  into  a  compression  ou  the 
brace  and  a  tension  on  the  up-stream  post,  which,  for  the  first,  may 
amount  to — 

6618  X  cos  45°^ 

cos  oSO  *  ^ 

and,  for  the  second,  to— 

6618^  X  cos  450  > 
sin  3:Jo 

Tbe  brace  being  made  of  two  U-irons  set  back  to  back,  the  masimuin 
compression  will  be  about  2,853  pounds  per  square  inch  ;  furthermore, 
the  stiffness  of  the  down-stream  post  will  diminish  this  compression. 

The  section  of  tbe  up-stream  post  is  but  1^  square  inches  j  hence,  the 
tension  may  be  as  high  as  4,993  pounds  per  square  inch.  That  is  not 
much  for  tbe  trestles,  but  it  requires  that  their  sills  be  firmly  fastened. 
For  this  purpose,  the  pattern  of  castiren  journal-boxes  of  the  Suresnea 
dam  was  adopted.  These  are  bedded  in  the  cnt  stones  of  tbe  floor.  Fur- 
thermore, all  these  stones  are  joined  together,  partly  by  a  wooden 
stringer,  which  may  be  used,  if  necessary,  as  tbe  sill  of  temporary  shut- 
ters, resting  against  tbe  trestles,  and  partly  by  a  band  of  U-iron,  which 
holds  the  nuts  of  tbe  anchors  that  descend  lielow  tbe  masonry  as  at  tbe 
sill  of  the  wickets,  (.Figs.  102,  103, 106,  Plate  19.) 

The  vertical  component  of  a  pull  on  the  maueurering  chain  of  6,01S 
pounds  would  produce,  on  the  down-stream  post,  a  com  pressiou  of  6,044 
pounds,  and  tbe  horizontal  component  of  the  same  tbrce  would  produce, 
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on  the  brace,  a  compressioa  of  8,SC8  pounds.  If  we  add  the  vertical 
compouents  of  these  two  forces  to^rether,  we  find  tbat  the  axle  of  the 
trestle  may  have  to  Biistaiu  a  strain  of  about  13,500  pouuds,  acting  at 
abont  i  inches  from  the  point  of  support  on  the  down-stream  journal- 
box.  For  a  length  of  10.17  feet,  the  bending  nionieut  of  the  axle  would 
Ihen  be — 

R  T  0  1*!  V  ^  S4 

—  =  13500 pouuds  X  """lo]?'    ■  =  4310.4 foot-pounds, 

aud  witii  the  dimensions  adopted  for  the  end  of  the  axle  (0.2G  by  0.26) 
we  Konid  have — 

„       „      4310.4 

or  9077.7  pounds  per  square  inch. 

This  strain  is  large ;  and  to  stiffen  tbe  axle,  there  is  placed,  as  near 
the  downstream  journal-box  as  possible,  a  senii-cyliudrical  bolster, 
ffbith  reduces  the  span  to  1.80  feet  instead  of  10.17  feet ;  if  tbe  axle 
ptioQlil  bend  so  as  to  touch  this  bolster,  we  shall  then  have — 


and  R  =  8325  pounds  only.  Kevertheless,  in  certain  cases,  tbe  axle 
vi!1  Gtill  be,  as  in  all  coustructions  of  tbis  kind,  the  piece  on  which  the 
grf.itest  strain  comes. 

Tbe  rails  that  carry  the  raising- windlass,  and  serve  at  the  same  time 
«a  claw-balks  to  connect  together  the  consecutive  trestles,  ate  also 
bcavily  strained,  since  their  weight,  aad  consequently  their  size,  cannot 
be  increased  beyond  acertain  amount.  Moreover,  these  pieces  are  easily 
replaced.  Each  of  the  truck-wheels  on  the  downstream  side  of  tbe 
niaillass  may  exert  a  pressure  on  the  rails  of — 


Again,  these  wheels  are  2  feet  apart,  and  the  trestles  3.C0  feet, 
Theoce — 

^  1^  2^0  _ 
3.00 

tbe  cross  section  of  the  rails  being  0.23  by  0.115, 

J^0.n5^xjl2.3>  =  0.001014 
n  (i 

and  ft  =  10119.2  pounds  per  square  inch. 

^'ow,  besides  the  pull  of  C,618  pounds  never  being  attained,  the  above 
i^ilcnlation  simply  supposes  the  rails  to  be  placed  on  two  supports, 
'fMie  in  reality  they  are  almost  inclosed  by  the  assembling  gudgeons. 

Each  claw-balk  weighs  CO  pounds,  and  is  3  feet  7  inches  long,  with  a 
SMtionof  13  by  23. 

Tbeae  balks  are  not  arranged  to  support  needles,  but  only  to  sustain 
"leraaneuvering-windlaas.  This  is  wiiy  their  depth  is  greater  than  their 
tireadth;  whereas  the  reverse  would  be  the  case  were  they  to  support 


."ioot^le 


CHAPTER    IV. 
COKSTBUCTION  OF  THE  WOEKS. 

The  works  begun  in  the  beginning  of  May,  IS70,  were  interrnpted  by 
force  of  circii Distances  on  the  11th  of  September,  the  evening  before  the 
investment  of  Paris  by  the  German  army,  when  but  a  few  days  more 
were  needed  to  finish,  within  the  limits  of  the  coQer-dams,  the  fitting  of 
the  wickets  and  the  floor;  but,  by  reason  of  certain  circumstances,  the 
coffer-dams  were  again  pumped  out  on  the  17th  of  October,  and  all 
parts  of  the  work  below  the  ordinary  level  of  the  water  were  finished 
on  the  22d  of  October.  The  dam  was  closed  the  next  day,  and  the 
cofTer-dams  were  then  taken  down  and  removed  before  the  winter- floods, 
which  would,  undoubtedly,  have  overturned  them.  The  upper  portion 
of  the  piers,  the  abutments,  and  the  shore- revetments  were  finished  in 
July  and  Angust,  1871. 

The  ground  on  which  the  foundations  rest  is  a  bed  of  foliated  calca- 
reous rock,  characterized  by  numerous  fossil  shells  of  Cerite,  which  deter- 
mine its  geological  position  to  be  in  the  npper  stratum  of  the  coarse 
Parisian  limestone,  in  which  Lias  is  found. 

This  calcareous  bed  has  been  worn  down  at  Port-i  PAnglais  to  the 
reference  76.44  of  the  general  levels  of  France,  or  7.22  feet  below  the 
Bill  of  the  shiive.  The  piles  and  sheeting-piles,  driven  with  heavyrams, 
scarcely  penetrale  it  to  the  depth  of  the  shoe,  aod  it  is  absolutely  im- 
possible to  dredge  it  underwater,  although  it  is  easy  to  break  it  up  with 
a  pick  within  coffer-dams.  Now,  two  trenches  of  about  3.3  feet  in  depth 
had  to  he  dug  to  receive  the  anchors  for  the  sills  of  the  wickets  and 
trestles. 

Therefore,  the  nature  of  this  ground  would  not  allow  the  floor  of  the 
dam  to  lie  set  on  a  bed  of  b4ton  of  sufficient  thickness,  on  which  the 
coffer-dams  could  be  placed,  and  foundations  of  ordinary  masonry  had 
to  be  carried  down  to  the  solid  rock  in  like  manner  as  the  excavations. 

This  state  of  affairs  materially  increased  the  expense,  especially  for 
cofferdams  and  excavations;  but  the  floor  thus  formed  is  much  more 
solid  than  if  it  were  founded  on  a  bed  of  b<;toii,  which  is  never  perfectly 
tight  The  ground  having  heeu  dredged  to  the  rock  before  building  the 
coffer-dams,  the  latter  were  found  to  be  sufficiently  tight;  and  the  bot- 
tom of  the  excavation  not  showing  any  springs  of  importance,  the  ma- 
sonary  was  well  and  easily  laid.  One  particular  circumstance  must,  how- 
ever, be  mentioned. 

The  limestone-bed,  instead  of  being  nearly  horizontal,  as  the  dredg- 
ing seemed  to  indicate,  showed  a  large  hole  of  nearly  6j  feet  in  depth, 
filled  with  gravel,  bowlders,  sand,  and  rubbish  of  all  sorts.  This  hole, 
being  on  the  down-stream  side  of  the  former  floor  of  the  weir,  was  un- 
doubtedly formed  by  an  old  scour,  and  was  afterward  filled  up  by  frag- 
ments broken  off  from  the  stratified  rock,  and  rolled  down  the  slope  of 
the  weir.  The  foundations  could  not  be  put  on  this  mass ;  consequently, 
this  ditch  had  to  be  cleared,  and  then  refilled  with  masonry.  This  caused 
an  unforeseen  increase  of  $1,690.76  (8,552  francs  50  centimes)  iu  the  cost 
of  the  masonry. 

The  only  difflcalty  presented  by  the  work  was  in  joining  the  new  pier 
to  the  portion  of  the  weir  left  standing.  The  coffer-dam  on  the  aide 
toward  the  river  was  placed  normal  to  the  weir,  and  the  ends  of  the 
masonry  of  the  weir  extended  as  far  as  the  middle  of  the  coffer-dam; 
in  addition,  the  material  taken  from  the  excavation  was,tiirown  into  the 
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angles  formed  by  the  coffer-dam  and  the  weir  od  the  up  and  down  stream 
siJes  of  the  latter.  Thanks  to  this  arraDgement,  after  the  masonry  eon- 
taioed  within  the  coffer  <.'ams  was  finished,  a  part  of  the  inner  wall  of 
the  outer  coffer-dam  conld  be  removed,  and  the  excavation  cotild  be  con- 
tiDoed  np  to  the  masonry  of  the  weir,  so  as  to  connect  it  with  the  pier 
of  tbe  Blnice  without  causing;  too  mucli  It^bage. 

The  cost  of  the  undertaking,  and  the  total  expense  of  the  work,  was 
placed  at  $41,850  (226,000  francs)  by  an  official  statement  of  August  5, 
IS72.  This  cost  was  distributed  as  follows ;  deduction  being  made  of  the 
profits  of  the  contractor ; 

1.  Dredging  and  earth- work tl.S&l  77 

■iCoffM-dams 6,120  80 

3.  Eicavatione 2,932  46 

4.  Carpenter's  and  Rmlth's  work  on  tbe  wickets,  trestles,  sill, 

floor,aod tripping-rod 11.137  56 

1.  HaaoniT  for  the  floor 6.043  44 

827, 497  03 

fi.  MMonry  below  the  floor  to  fill  an  old  soonr 1,591  77 

'■  Uasonr)-  of  tiie  piers,  abutment,  riprap  arouod  the  abutmuut, 

■Dd  t<«riuf;  donn  the  old  abntment  of  the  weir 6,960  64 

*■  Fool-bridfrB  above  the  weir 9,105  67 

9.  Contingsacies 4,374  89 

14,  352  97 

41,850  00 

If  ire  would  ascertain  tbe  net  cost  of  arunuing-foot  of  the  dam,  we  mnat 
oQlr  consider  tbe  first  five  items  of  the  above  list;  for  tbe  rest  are  inde- 
peailent  of  tbe  length  of  tbe  dam.  Item  6  ie,  as  we  have  seen,  an  excep- 
tioaal  expense,  due  to  an  unforeseen  cause.  The  foot-bridge  above  the 
ireJr  is  a  structure  altogether  foreign  to  the  new  sluice,  and  so  is  the 
greater  part  of  the  sum  estimated  for  contingencies,  wfaich  was  devoted 
'o  various  purposes  belonging  rather  to  the  lock,  the  dam,  and  the  weir 
than  ta  the  new  sluice.  The  portion  of  this  contingent  sum  chargeable 
to  the  sluice  is,  moreover,  fully  balanced  by  the  share  of  the  expenses 
for  coffer- dams,  excavations,  and  maneuvering-capstans  for  the  tripping- 
rods,  which  should  be  included  with  the  piers  and  abutments,  and  which 
it  would  be  difBcult  to  separate  from  the  first  four  items  of  the  above  list. 
^Ve  mny,  then,  estimate  the  expense  of  a  running-foot  of  tbe  dam,  ezcla- 
sive  of  [tiers  aud  abutments,  at — 

mU9Tm  ^j292.02 
y4.16  feet 

According  to  MM.  Ohanoine  and  de  Lagren^,  (Annales,  2d  half  year, 
lS6g,  p.  408,)  the  expense  incurred  for  the  twelve  dams  of  the  Upper 
Seine  givea  on  an  average,  per  mnning-foot  of  navigable  pass  closed  by 
tickets,  of  9.S4  feet,  $178.30,  and  per  ruuDiog-foot  of  weir,  $82.32,  ez- 
clnaiTe  of  piers,  abutments,  &c. 

Od  the  other  band,  tbe  average  cost  per  foot  of  tbe  service  bridges 
bailt  in  1869,  above  the  weirs  at  Le  Coudray,  Evry,  and  Ablon,  wag 
S32.06,  which  makes  the  cost  of  a  running-foot  of  weir  closed  by  wickets 
"^  G.5G  feet  height  with  a  service-bridge  abont  $104.38. 


CHAPTEB   V. 
MAKEDTESS  OF  THE  DAM— FBA.CTIOAI,  BESCLTS. 

Ilie  dam  at  Port-&-l'Ang]ais  has  been  working  steadily  since  tbe  lat 
«rpart  of  October,  1870;  it  has  been  maneuvered  without  difiloult; 
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every  time  that  tbe  needs  of  iiavigiitioii  Iiiive  required  it  to  be  opened, 
or  to  be  partly  or  entirely  closed,  according  to  tbe  deptb  of  the  water; 
and  this  experiment  of  more  than  two  years  can  bo  considered  as 
complete;  for,  during  this  time,  the  river  lias  undergone  all  the  varia- 
tions of  discharge  that  can  occur,  besides  iteveral  sudden  floods  and  two 
attacks  of  ice,  coming  down  with  unusual  swiflness,  have  been  borne 
without  trouble. 

The  following  table  shows  the  maiioiivcrs  perfonneil  since  the  latter 
part  of  October,  1870 : 


DcumiberS,  leTO... 


JoBeli.  ISTl i 

;  July  S^  mi 

Jaii",i"i ''yui'.Wiii:-'! 

Juljsa,  iiii I..'..'"."'. 

I  Aosii8ii,i^n..., 

AaannlHlSTl  ,..,| 

■  Ih'CL'mtxrP,  1S71.. 

Decenilwr  10,1671.. 

Jn»u»ry9fl,H!ia.. 

Feliniari^,  1672 

Mnvaie^i 

I 

Oc1uUt20,1S73... 


DnrinR  thp  nlffht  of  Dfcfmbpr  aj  taid  SS.  in  f nornmnii  lunn  of 
\ep^  bprniiiic  the  remoinsof  bojit-brldci'fl,  nEHiD^c  vkich  U 
bnit  an'iitiiulMril, nnchi'il  tb« ulil  nsat nod  ukuiiie  the  vick- 
i-t*.  Xt-vrrlhclrH.  (>D  DwMiilwriJ.  Ilio  ptua  wa»  oiiraed 
by  lliv  t^ippillK-n•dl^  ■llfaiiunb  thn  Si-luc  was  frozen  ovn 
nWvp  thp  wlchrrx,  fhiin  iTr^  HtWer  In  nnr  Choi>y-1i^fiui. 


Ibe  icB. 

Bnvktiiiinpnfl 
IlLii'  111  F.'bt^ur; 

Flnod  iui<l  mii-p.' 
Complvllui 


irwtli'a  of  IbL-lr  briilgn  bi'iug  h. 
ic  ice  JnDdnry  90, 1871. 


uftLdlutkumUboslaico, 

Pbf  nisni' living  on  July  IT  nnA  3»  Ti-rv  i 

ilaniHln'Invi'iiPailtmiiatlK'jiuicliuuuf 
vith  IbD  VoiiDo  BE  Lanwhe. 

Ditrinr  tlir  nl'iht  of  IVrpinhrT  1 
limuiilBiiputiKK-  rnv,T«il  Kllb 

e  hr  nimnii  of  tlir  Irljiiiln^E-ro 


Flood.    Thn  vlckel 
Flnod.    Thi-  Tkket 


IrnitiM  of  Ihe  sIil' 


tr  wirkPta  If 


.  of  tbe  oU  paFB 
cf  tba  olil  pua 

'»'mi!'<rf''ibii'ii> 

BkHBIIttlKOIllllCERIiaoflh       " 

.•Irenra  side  of  dan.  «K3 
&xl  oa  Ovluber  f,  linx 

on  Dtcciulier  11,  16TS,  t. 


All  the  maneuvers  mentioned  in  this  table  were  performed  without 
dilHculty.  Tbe  power  reqnired  to  raise  the  large  wickets  of  the  sluice 
did  not  seem  to  be  much  greater  than  for  the  wickets  of  9.84  feet  of  the 
old  pass ;  and  it  appears,  if  this  point  of  view  alone  be  cflnaidered,  that 
the  cost  of  constructing  a  bridge  above  tbe  sluice  might  have  beeu 
saved,  and  that  the  wickets  might  have  been  maneuvered  by  a  boat: 
but  this  bridge  is  indisi>ens:tble,  when  the  dam  is  to  be  entirely  closed, 
on  account  of  the  relative  proportions  adopted  for  the  three  sections 
nto  wliich  it  is  divided. 


CHAPTER   VI. 


It  is  a  matter  of  essential  imi)ortance  to  tbo  proper  workintj  of  a  dam 
to  carefally  consider  tbe  water-way  given  by  tlie  various  parts  of  whicli 
it  is  composed,  as  was  indicated  by  AIM.  Clianoiiie  and  de  Lagren4  jn 
their  memoir  of  ISCI,  (Aunales,  18C1,  2d  half-year,  p.  211.1  This  water- 
*ay  mnst  suit  all  stages  of  tbe  river ;  bence,  several  conditions  must  be 
simnitaneoiislj  considercil. 

The  total  leugtL  of  water-way  of  the  dam  is  deterniined  as  for  bridges 
hy  considering  tbe  greatest  floods,  ao  tbat  tbe  dam  may  not  oanae  any 
hadwat^r  on  the  u  p-strenm  side.  Regarding  it  in  this  light,  the  height 
of  the  ij^ill  or  sills  of  the  various  sectious  of  the  dam  is  of  little  impor- 
tance, since  their  level  never  differs  much  from  that  of  the  bed  of  the 
rtrer  in  the  vicinity.  But  sucli  ia  not  the  case  if  we  consider  the  river 
iitaverage  stages;  for  the  fall  may  then  become  sufflciently  great  to 
iiD|>ede  navigation  before  it  is  time  to  close  the  dam,  if  its  floor  or  its 
tiifferent  parts  be  placed  too  high.  This  is  what  was  specially  noticed 
at  Port-i-1'Anglais  before  the  coustmction  of  the  new  navigable  pass. 

On  the  other  hand,  the  cost  of  building  s  movable  dam  increases 
Tery  rapidly  with  the  height  of  the  pool  above  the  sill ;  hence,  we  must 
mlace  the  length  of  the  navigable  pa^s  to  the  uiiniinuui  dimensions  that 
«ill  snpply  the  needs  of  navigation. 

If  tlie  dam  be  only  composed  of  two  sections,  as  on  the  Seine,  the 
Yonne,  and  the  Manie,  the  length  of  the  navigable  pass  being  limited 
In  the  needs  of  navipition,  tbe  length  of  the  water-way  of  tbe  weir  will 
he  fixed  by  the  consideration  of  the  flootls.  The  dams  on  tbe  Marne 
^ei«  built  in  this  way ;  but  tbe  sill  of  the  weir  being  much  higher  than 
thflC  of  the  pass,  it  follows  that  the  fall  through  the  pass  increases 
rH|ii<lly  as  the  water  becomes  low ;  tbat  it  impedes  navigation  before  it 
is  uewssary  to  close  the  dam ;  and,  finally,  that  it  makes  the  raising  of 
the  pickets  a  diflienit  operation.  This  trouble  seems  to  exist  on  the 
Miirne,  although,  as  a  rule,  foot-bridges  have  been  placed  above  the 
passes,  and  the  wickets  are  left  swung  as  fast  as  they  are  raised,  and 
""i  set  up  afterward,  when  all  the  props  are  bearing  against  their 
hearters,  so  that  the  fall  may  not  be  greater  when  the  last  wicket  is 
raised  than  it  was  at  tlie  beginning. 

To  provide  against  this  trouble,  which  he  foresaw,  M.  Chanoine  gave 
to  the  navigable  passes  of  the  Seine  a  much  greater  length  than  that 
H;Qtiired  for  navigation.  He  al.so  closed  tbe  weirs  by  wickets  twice  as 
'''fc'l'  fis  those  used  by  M.  Lonicbe-Besfontaines  on  the  Marne;  that  is, 
the  sills  of  the  weirs  on  the  Seine  wore  placed  at  less  elevation  above 
low  water  than  on  the  Marne. 

Tliia  solution  has  increased  the  exgicnse  in  proi>ortion  to  the  length 
of  the  navigable  passes,  and  it  is  less  easy  to  regulate  the  levels  of  the 
l>oola  than  it  would  be  were  smaller  machinery  used  for  closing  the 
**ifa;  and,  notwithstanding  this  modification,  the  water-way  of  some  of 
•h";  dams  on  the  Seine,  such  as  those  at  Porti-I'Anglais,  Albon,  MeluD, 
and  Varennes,  is  still  too  small.  When  the  river  is  about  3  feot  above 
low  water,  and  the  pass  is  open,  navigation  through  it  becomes  diOicult; 
the  o|»eration  of  closing  the  pass  is  equally  ditScnlt ;  and,  when  the  pass 
"closed,  it  is  sometimes  hard  to  regulate  tbe  level  of  tbe  pool,  as  was 
"ifniiored  in  siieakitig  of  flutter- valves.  .^DOqIc 


Tbe  Port-ik^rADglais  dam  is  luucli  better  arranged,  since  it  has  been 
divided  into  tbree  sections  with  sills  at  different  levels. 

The  sluice  is  94  feet  3  inches  wide,  n'hich  snfBues  for  navigation  ;  and, 
as  its  sill  is  mnch  lower  tbau  thsit  of  tbe  portion  of  the  former  weir 
which  it  replaces,  tbe  water-way  of  the  dam  at  low  and  mean  stages  is 
much  greater  than  before  it  was  constriicted.  The  fall  over  tbe  dam  is 
always  veiy  small  when  it  is  open,  wbatever  be  the  height  of  tbe  water. 

But,  on  tbe  other  hand,  tbe  sUiice  having  been  coustracted  at  the 
expense  of  the  weir,  if  it  should  be  entirely  closed  before  the  old  naviga- 
ble pass,  tbe  weir  would  no  longer  suffice  to  carry  off  the  water  of  tbe 
river  while  this  pass  was  being  closed,  and  a  considerable  fall  would  be 
formed  before  the  end  of  tbe  manciivor,  and  the  last  wicket  could  not 
be  raised.  To  avoid  this  trouble,  the  wickets  of  the  sluice,  during  the 
closing  of  the  old  pass,  are  loft  swung  on  their  horses,  tlieir  breech- 
chains  being  fastened  to  tbe  trestles  of  tbe  bridge ;  when  the  old  pass 
is  closed,  the  wickets  of  tbe  sluice  are  set  up  by  hauling  with  the  wind- 
lass on  the  ohase-chains,  and  this  maneuver  is  performed  with  sufficient 
rapidity  to  be  completed  without  the  upper  pool  rising  too  much. 

The  three  sections  are  thus  closed  without  causing  any  appreciable 
fall;  first,  the  trestles  of  tbe  sluice  and  of  the  weir  are  raised;  then, 
tbe  wickets  of  tbe  weir,  and  afterward  those  of  the  sluice  are  swnng, 
all  without  sensibly  contracting  tbe  water-way ;  then  the  old  pass  is 
closed,  the  wickets  of  tbe  sluice  are  set  up,  and  finally  as  many  of  the 
weir-wickets  as  may  be  necessary  in  order  to  raise  tbe  up)ter  pool  to  its 
normal  level. 

In  onler  to  prevent  this  level  from  being  too  high  even  when  tbe  weir 
is  completely  o)>en,  flutter- valves  ai-e  now  used  in  the  wickets  of  the  old 
pass,  which  will  afford  a  remedy  for  the  reduction  in  the  length  of  tbe 
weir. 

In  opening  the  dam  the  inverse  order  is  followed ;  as  the  discharge 
increases,  tbe  wickets  of  the  weir  are  first  swuug,  tlieu  tbe  old  pass  is 
opened  by  the  tripping  rods,  tbet^ll  having  already  been  much  reduced, 
and  when  tbe  wickets  of  the  sluice  are  let  down  the  fall  is  very  slight ; 
and  it  is  almost  nothing  wben  the  wickets  of  the  weir  and  tbe  trestles 
of  the  two  bridges  are  dropped  on  the  floor. 

Finally,  wicket-dams  have  this  advantage,  that  a  sheet  of  water  of 
considerable  depth,  and  as  long  as  the  dam,  may  flow  without  iujury 
over  tbe  top ;  besides,  the  flutter-valves  increase  the  discharge  that  tbe 
dam  may  give  while  it  still  remains  closed.  It  is  well  to  recall  on  tbia 
subject  that  one  of  the  principal  advantages  of  wicket-dams  is  that  it  is 
not  necessary  to  connect  with  tbem  tbe  long-flzed  weirs,  which  it  is  in- 
dispensable to  attach  to  needle-dams,  in  order  that  when  a  sudden  flood 
comes,  there  may  be  enough  time  to  remove  the  needles  and  let  down 
the  trestles  betbre  the  flood  rises  over  the  service-bridge. 

In  wicket-dams  tbe  overflow  takes  place  over  the  dam  itself  without 
any  inconvenience ;  and  if  there  is  a  delay  in  throwing  down  tbe  wickets, 
they  swing  spontaneously ;  in  any  cases  the  upper  pool  never  rises  to  an 
immoderate  height,  and  it  is  always  possible  to  open  the  dam,  which 
could  not  be  done  with  a  needle-dam  were  its  bridge  submerged.  Float- 
ing ice  in  large  quantities  may  even  come  without  much  inconvenience 
against  the  upstream  side  of  a  wicket-dam,  and  pass  over  the  top,  as 
happened  in  1870  and  1871  at  Port-4-l*Anglais. 

If  we  only  consider  tbe  expense  per  rnnuing-foot,  wicket-dams  are 
perhaps  more  costly  than  needle-dams;  but  they  are,  on  the  contrary, 
mnch  cheaper,  if  we  consider  the  saving  that  results  from  suppressing 
tbe  fixed  weirs ;  and  this  is  tbe  chief  cause  for  the  adoption  iu  Belgium 
of  M.  Chanoine's  system  for  the  dams  on  tbe  Meuse. 


CHAPTER    VII. 
POSSIBLE  EXTENSIOS  OP  THE  CONSTEUCTION  OP  WIOKET-DAMU. 

It  was  not  without  some  apprehension  that  I  undertook  the  study  of 
the  plan  for  the  high  wickets  of  the  new  pass  at  Port-^-l'Anglaia,  when 
its  preparation  was  ordered  on  the  proposition  of  Cliief  Engineer  Gani- 
buzat,  by  the  ministerial  decision  of  May  12, 1869,  which  approved  the 
plan  for  deepening  tlie  lock  ;  but  experience  has  shown  that  the  fears 
then  felt  were  groundless,  and  that  movable  wicket-dams  can  be  applied 
without  difficultj  to  very  great  lifts,  as  the  inventor  of  their  machinery 
saiii  from  the  first.  It  is  true  that  the  dimensions  of  some  parts  of  the 
tictets  of  the  Port-^  I'Anglais  sluice  have  seemed  to  a  few  of  the  engi- 
neers who  have  visited  it  to  be  exaggerated;  but  I  think  that  a  very 
higti  dam  cannot  be  made  too  solid,  if  we  wonld  avoid  in  the  future 
great  difficulties  and  heavy  expenses  in  maintenance. 

All  the  parts  by  which  the  closing  is  effected  are  maneuvered  suc- 
cessively and  separately,  and  this  is  done  by  means  of  windlasses,  to 
"bich  the  necessary  power  can  always  be  applied,  whether  they  are 
arrted  on  a  boat  or  on  a  service-bridge;  hence,  the  maneuvers  are 
always  ]>088ible,  and  are  even  easy,  if  the  various  partfi  of  the  structure 
liave  been  suitably  calculated.  From  the  experieuce  of  the  Port-4- 
rAnglaiu  dam,  I  am  convinced  that  it  would  be  easy  to  build  dams  on 
Ite  same  system  to  form  pools  having  a  depth  of  14.75  feet  over  the 
Bill  of  the  navigable  pass,  and  even  more. 

It  has  been  shown  above  that  the  Port  ii  I'Anglais  dam  is  better  ar- 
niDged  now  than  before,  as  it  is  divided  into  three  sections,  tlie  sills  of 
wliich  are  sot  at  different  levels.  The  necessity  of  dividing  movable 
dams  into  several  parts,  to  facilitate  maneuvering,  cannot,  in  my  opiu- 
ioD,  be  too  strongly  insisted  on,  Theatudyof  thewaterway  tobo  given 
to  tlie  different  passes  and  of  the  levels  at  which  their  sills  are  to  be 
placed  is,  to  my  miud,  the  main  part  of  the  plan  for  a  dam.  It  seems 
to  me  to  be  much  more  important  than  the  consideration  and  choice  of 
the  mauhinery  for  closing ;  and  if  the  mode  of  closing  depends  to  a  cer- 
tain extent  on  this  choice,  we  can  almost  say  that  it  is  relatively  a  mat- 
ttrof  little  moment,  and  that  any  of  the  systems  may  be  adopted,  and 
"lay  work  well,  if  the  water-ways  of  the  passes  and  the  levelsof  the  sills 
^  so  arranged  that  all  the  maneuvers  can  be  performed  with  but  a 
slight  fall. 

The  path  is  now  well  marked  ;  every  day  sees  some  improvement  in 
the  machinery  in  use;  new  devices  are  invented  without  difficulty  ;  and, 
before  long,  engineers  will  only  be  troubled  iu  choosing  between  them, 
or,  at  least,  they  will  only  have  to  make  their  choice  according  to  the 
WDditions  of  the  problem  to  be  solved.  For  example,  as  matters  now 
^taod,  the  height  of  10  feet  above  the  sill  seems  to  he  a  limit  that  cannot 
yelbe  passed  by  dams  with  trestles  and  needles,  as  is  shown  by  theex- 
Ptrieuce  at  the  dams  established  on  the  Lower  Seine  at  >3uresnes,  Martot, 
^-  The  experience  gained  at  the  new  Port-^-I'Anglais  sluice  seems  to 
me.on  the  other  hand,  to  prove  that  the  height  beyond  wliicb  Chanoine 
tickets  can  no  longer  be  maneuvered  is  far  from  being  attained  with  a 
Pwl  of  13  feet  in  depth  at  the  sill,  and  the  limit  of  application  of  this 
system  is  yet  unknown. 

for  a  dam  intended  to  form  a  pool  14.75  feet  deep  at  the  sill  of  the  oavi- 
S^ble  pass,  three  sections,  separated  by  two  piers,  as  at  Port  i-rAnglais, 
^oold  probably  not  be  sufficient,  and  it  would  be  necessary  to  divide 
'lie  floor  into  four  parts,  set  at  different  levels,  -  t 
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The  lengtli  of  the  navigable  pass,  closed  by  wickets,  14.75  feet  bigh, 
with  a  sill  li  feet  or  2.3  feet  bfiow  low  water,  havinfr  been  (letermiued  by 
tbe  necessities  of  navigation,  the  socond  section  designed  to  insure  ihe 
discharge  of  the  river  at  its  average  stitge  without  cansiog  any  injurious 
fall,  could  not  have  its  aill  mncli  above  low  water,  and  conseqQently 
would  be  closed  by  wickets  about  lUfeet  in  height;  the  sill  of  the  weir, 
whose  length  would  be  fixed  by  studying  tlie  floods,  might  be  placed 
about  3.3  I'eet  above  low  water,  and  could  be  closed  by  wickets  of  about 
8.2d  feet  high.  But,  under  these  circumstances,  it  would  not  be  easy, 
alter  closing  the  dam,  to  regulate  the  level  of  the  pool,  fuid  it  would 
undoubtedly  be  uecesisary  to  divide  the  weir  into  two  parts,  one  of  which 
should  lijive  its  sill  at  5  or  at  moat  Oi  feet  below  the  surface  of  the  pool. 

It  is  not  solely  to  facilitate  closing,  and  to  diminish  the  first  cost, 
that  it  is  necessary  to  divide  tbe  dam  into  several  sections,  the  sills  of 
which  are  placed  at  different  levels,  but  also  to  prevent  the  maneuvers 
from  causing  too  sudden  changes  in  the  regimen  of  the  river.  The  snr- 
face-slope  above  a  dam,  whose  calculation  hits  frequently  been  attempted 
with  no  great  succcs.s  by  means  of  formulius  for  bactwater  more  or  less 
hypotheticiil  or  empirical,  varies  within  very  wide  limits  according  to 
the  discharge  of  the  river.  At  the  same  dam,  tbe  elope  of  the  upper 
pool  may  bo  almost  nothing  when  the  discharge  is  a  minimum,  and  tlie 
pool  at  its  greatest  height;  while,  on  the  contrary,  it  apiiroaches  the 
natural  slope  of  the  river  when  the  water  is  in  sufficient  abundance  to 
obliterate  the  fall  of  the  dam  wlieu  it  is  submerged  or  partly  opened. 

The  inaccuracy  of  the  various  formulas  that  have  been  proposeil  for 
calculating  the  backwater  on  tbe  up-stream  side  of  a  dam  pn)ceeds  from 
the  fact  that  they  do  not  take  sutlicient  account  of  the  discharge  of  the 
river,  which,  under  ordinary  circum.itances,  has  only  an  indirect  influ- 
ence on  their  terms. 

This  variableness  in  the  slope  of  the  pools  demnmls,  to  my  mind,  an 
arrangement  for  gradually  ox)euing  the  dams  as  the  discharge  increases, 
aud  for  closiiig  them  in  a  similar  manner  under  tbe  opposite  circum- 
stances ;  in  other  words,  the  lilt  of  a  dam  and  its  water- way  should  vary 
greatly  with  the  discharge  of  the  river,  1  think  that  it  is  not  immedi- 
ately above  the  dam  that  the  level  of  the  water  should  be  kept  constiint^ 
but  on  the  lower  miter-sill  of  the  lock  at  the  head  of  the  pool,  or  rather 
over  the  most  important  shoal  in  tbi.i  pool,  if  we  do  not  wish  to  ciiuse  at 
certain  times  sudden  changes  in  the  regimen  of  the  river  and  in  Ihe 
mode  of  navigation.  When  there  is  a  large  number  of  dams  placed  suc- 
cessively, as  on  the  Upper  Seine  and  the  Yonne,  we  are  necessarily 
obliged  to  maneuver  them  all  very  nearly  at  the  same  time  when  the 
water  falls  to  a  certain  fixed  level,  or  on  the  coming  of  a  flood.  These 
simultaneous  maneuvers  then  cause  a  great  disturbance,  which  stoi>s 
navigation  for  several  days,  and  changes  the  most  quiet  river  into  a  tor- 
rent, whose  floods  and  ebbs  esK-nd  down-stream  with  excessive  rapidity. 

Adamought,  then,  to  beso  arranged  that  its  lift  will  have  beenalreatly 
considerably  reduced  when  the  time  comes  for  opening  it,  and  so  that  its 
lift  may  be  gradually  increased  when  it  becomes  necessary  to  close  it. 

Viewed  in  this  light,  needle-dams  have  somewhat  of  an  advantage 
over  wicbet-dams,  because  they  permit  the  fall  to  be  regulated  at  will 
by  separating  or  closing  in  the  nee^lles,  provided  that  they  can  be  easily 
handled  and  are  not  too  long;  in  wicket-dams,  on  the  contrary,  all  the 
wickets  of  a  section  are,  as  a  rule,  lowered  at  once  by  the  tripping-rod, 
although  that  is  not  absolutely  necessary.  Bat,  be  the  system  adopted 
what  it  may,  any  dam  whose  sill  is  at  the  same  level  all  the  way  across 
the  river  would,  I  think,  be  very  badly  arranged,  not  flnlTM^  [regards 


45 

cost  of  coiiatruetton,  but  also  as  to  the  facility  of  maneuvering  it,  and 
of  regulating  the  level  of  the  pool,  and  the  variations  in  the  regimen  oi 
tbe  river. 

To  return  to  tbe  supposition  of  a  dam  that  would  secure  during  low 
water  a  depth  of  1-1  feet  9  Inches  over  the  sill  of  the  navigable  pass ; 
this  depth  should  be  uinch  reduced  during  average  stages  in  proportiou 
as  ibe  discharge  of  the  river  and  the  slope  of  the  pool  increase.  In  this 
view,  the  weir  should  be  quite  long;  ^'"^  ™^  have  seen  that  it  would  bo 
irell  to  divide  it  into  two  parts,  in  order  to  reduce  the  cost  of  construc- 
lii>D  and  to  facilitate  handling. 

TLe  two  parts  of  this  weir  might  be  built  with  advantage  and  economy 
on  M.  Poir^e's  system.  We  must  not  forget,  however,  that  this  would 
present  the  disadvantage  of  diminishing  the  length  of  the  ovei'flow, 
rtieh  takes  place  over  the  top  of  the  wickets,  and  that,  consefiuently, 
the  length  of  the  other  sections,  over  which  tbe  water  might  fall,  should 
tben  be  sufficient  to  take  tbe  place  of  a  permanent  weir. 

Besides  this,  we  would  lose  the  advantage  of  autoniobilily  within  suit- 
al)]p  limits  now  enjoyed  by  tbe  Port-ill' Anglais  weir,  thanks  to  tbe  Cha- 
iioine  wickets  and  the  service-bridge.  In  fact,  if  we  connect  the  wickets 
of  this  weir  with  the  service-bridge  by  suitable  chains,  and  a  fiood  should 
come,  they  slope  spontaneously  to  30'^,  40'^,  50^,  according  to  the  amount 
of  slHck  left  in  the  chase-chains,  until  tbe  latter  are  taut ;  if,  then,  tbe 
waters  fall,  the  wickets  rise  of  themselves  with  a  rapidity  inversely  pro- 
ponjoual  to  the  amount  of  inclination. 

It  even  appears  to  be  possible  to  allow  the  wickets  to  lean  much  more, 
and  still  to  have  tbem  come  up  siiontaneously,  after  a  very  slight  lower- 
ing of  the  surface  of  the  pool,  by  placing  smalt  flutter-valves  in  the 
cbase;  for  this  expedient  seems  to  have  beeu  successfully  tried  in  the 
dams  on  the  Meuse,  near  iiaraur,  by  JIM,  Uumont  and  Hans,  engineers 
ft! Ui6  pouts  et  chauss^es,  in  Belgium. 

To  preserve  this  advantage,  the  part  of  the  weir  whose  sill  is  lowest 
night  be  arranged  in  this  manner,  while  that  part  whoso  sill  is  higher 
oiiebt  he  built  on  the  system  of  M.  Loniche-Desfontaines. 

Bnt  trestles  and  needles  might  also  be  adopted  for  the  entire  weir, 
and  tbe  water-way  might  iu  some  cases  be  iucreitsed  by  placing  ilutter- 
valvea  in  all  the  wickets  of  the  other  two  sections,  arranging  them  so  as 
to  ojwn  spontaneously  at  a  given  level  of  the  pool.  The  lock-tender 
should  then  close  these  small  valves  by  hand  at  the  proper  time  j  but  the 
spontaneous  righting  of  some  of  them  might  also  be  secured  by  limiting 
tiieir  inclination,  either  by  small  chains  fastened  to  the  wickets,  or  by 
spriujjs,  as  Chief  Engineer  Krautz  has  thought  of  doing,  he  being  the  first 
to  whom  the  idea  presented  itself  of  putting  small  automatic  wickets  in 
the  large  shutters  of  a  dam.  He  gave  the  name  of  flutter-valve  {papillon) 
to  lliese  little  contrivances,  which  31.  Dumont  then  trie<l  iu  the  weirs  of 
the  Meuse,  and  which  I  have  since  applied  to  the  navigable  passes  of 
"le  Seine. 

As  to  tbe  dam,  properly  so  called,  the  height  of  which  above  the  sill 
^ould  he  about  H^  feet,  it  wonUl  probably  be  very  dillicuU,  if  not  prac- 
tically impossible,  to  close  it  with  needles,  and,  furthermore,  It  would  be 
fell  iu  this  case  to  avoid  tbe  use  of  trestles,  in  order  to  provide  against 
the  sadden  arrival  of  floating  ice,  as  happened  two  years  in  succession 
St  Port-A-1'Auglaia.  Wickets  similar  to  those  of  the  sluice  of  the  dam 
JBst  mentioned  would  answer  perfectly  well  to  close  this  itass,  and  the 
Mperience  gained  at  I'ort-iVl'Anglais  shows  that  wickets  of  about  llj 
f«t  in  height  can  easily  be  raised  by  a  maueuvering-boat,  provided  that 
during  the  work  a  sufhcient  waterway  be  left  to  the  river,  so  as  to  pre-  , 
^wt  the  formation  of  much  of  a  lall  before  the  operation  is  ended. 
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The  wickets  of  the  navigable  pass  should  then  remain  swong  dariuj; 
the  closing  of  the  higher  pass,  which  would  require  above  the  wickets 
a  service-bridge  of  14  feet  9  inches  in  height.  Moreover,  this  structure 
would  probably  be  iudispenaable  for  maneuvering  such  large  shatters. 
The  construction  of  the  trestle  for  this  service-bridge  wonld  present  no 
difficulties.  As  to  the  wickets  themselves,  ver;  few  changes  wonld  be 
required  in  the  model  adopted  at  Fort-A-l'Anglais. 

It  wonld  undoubtedly  be  sufficiect  to  increase  very  slightly  the 
dimensions  of  the  variona  parts  of  the  model,  and  particularly  the 
horses,  which  should  be  provided  with  a  Baint  Andrew's  cross;  but  it 
would  be  well,  I  think,  to  change  the  floor  entirely,  and  to  follow  the 
mode  of  construction  used  on  M.  Chanoiue's  weirs,  which  are  set  on  a 
timber  grillage  bedded  iu  a  mass  of  b^ton,  which  is  covered  by  s  simple 
paving. 

But  in  this  grillage  cast-iron  should  be  substituted  for  wood.  A  cast- 
iron  beam,  placed  parallel  to  the  current  in  the  axis  of  each  wicket  antl 
corresponding  trestle,  should  support  the  journal-boxes  of  the  latter,  and 
the  heurters  and  slides  of  the  wicket;  it  would  resist  the  upward  pull 
on  the  sill,  which  would  no  longer  require  to  be  auchored  deeply  in  the 
masonry  of  the  floor.  Stringers  placed  nnder  the  sill  of  the  trestles, 
and  under  that  of  the  wickets,  and  under  the  tripping-rod,  would  sup- 
port the  lower  journal-boxes  of  the  wickets  and  of  the  trestles,  and  also 
the  supports  of  the  tripping-rod,  and  would  insare  the  proper  spaces 
between  the  various  parts  of  the  machinery ;  they  should  be  provided 
with  wooden  cushions  to  deadeu  all  shocks. 

With  this  mode  of  construction,  the  floor  might  be  made  of  a  simple 
mass  of  b^ton  covered  with  a  pavement  between  the  castiron  beams 
and  stringers ;  the  saving  on  the  cut  stone  would  iu  part  make  up  for 
the  expense  of  the  cast-iron  grillage,  the  importance  of  which  would, 
moreover,  be  justified  by  the  dimensions  of  the  dam  and  the  result  to  be 
obtained.  Finally,  all  parts  of  the  machinery  might  be  adjusted  and 
tested  at  the  shops  before  being  taken  to  the  works;  we  would  then  be 
certain  beforehaud  of  the  proper  constructiou  of  alt  the  joints  and  bear- 
ings ;  there  would  be  no  fears  of  misfits  just  as  they  were  being  pliicpd 
on  the  floor,  and  the  facility  with  which  this  could  be  done  would  greatly 
diminish  the  duration  of  tbe  works,  and  consequently  the  cost  of  pump- 
ing. 

in  several  memoirs  published  in  the  A«naleg  endeavors  have  been  made 
to  compare  the  merits  and  defects  of  the  various  systems  of  movable 
dams,  and  sometimes  one  has  been  considered  better,  sometimes  another ; 
but,  far  from  entering  into  competition,  these  different  inventions  com- 
plete each  other,  and  in  almost  every  system  some  portion  of  its  prede- 
cessors has  been  utilized ;  besides,  each  one  has  its  special  advantages, 
and  the  choice  to  be  made  between  them  depends  upon  circumstances, 
and  upon  the  result  to  be  obtained.  M.  Cauibuzat  has  stated,  in  his 
recent  article  on  tbe  navigation  of  tbe  Yonne  auif  the  Seine,  under  what 
circumstances,  according  to  the  experience  acquired  in  this  navigation, 
the  dams  of  M.  Ohanoiiie  or  those  of  M.  Poiree  should  be  preferred ;  it 
depends  principally  upon  the  depth  of  the  pool  at  the  sill,  since  the 
maximum  beiffht  to  be  obtained  by  needles  is  nearly  reached  at  the 
dams  of  Martot,  Siiresncs,  and  others;  while  the  limit  of  swinging- 
wickets  has  not  yet  been  reached  at  Port-jl-1'Anglais.  Besides,  we  have 
just  seen  that,  for  a  dam  of  great  height  and  length,  it  appears  reason- 
able to  employ  at  the  same  ti  me  different  appliances,  which,  placed  near 
each  other,  would  tend  each  to  complete  the  other,  while  striving  for  the 
same  end. 


CHAPTER   VIII. 


It  is  the  more  importaut  to  show  the  asefulDeaa  of  movable  daiuB  of 
great  height,  inaaiouch  as  the  invenCioD  of  tbese  dama  ia  eaaentially 
FreDch,  aoil  wholly  due  to  engineers  of  the  pants  et  ckaussSes,  among 
Thorn  it  ia  sufficieut  to  meution  MM.  Poir^e,  Th6uArd,  Mesiiae^, 
LoDiclie-DeafoDtaiDes,  Cbanoiue,  and  also  M.  Carro,  who  patilished  in 
Mt)  the  plan  for  a  new  system  of  dama,  and  M.  Krantz,  whose  recent 
ioveatioQ  is  now  on  trial  at  Bongival. 

The  problem  to  be  solved  in  improving  rivers  by  means  of  dams  con- 
Sluts  ia  maaenveriiig  g&tes  of  greater  or  leaa  dimensions  under  a  fall  of 
water.  The  solution  is  very  difBcnlt  with  small  means  and  small  ma- 
chinery. So  long  as  efforts  were  made  to  avoid  the  use  of  windlasses, 
and  t«  be  content  with  manpower,  the  dimensiona  of  the  implements 
lor  closing  bad  to  be  reduced  to  those  of  horizontal  beams  or  vertical 
dn<1Ipb;  as  has  been  the  case  from  time  immemorial  for  the  passes  of 
the  Upper  Tonne,  which  are  closed  by  dams,  with  beams  or  with  ropea 
andoeeillea;  or  else,  as  M.  Poir^e  did,  the  height  of  the  neediea  waa 
increased,  and  they  were  supported  on  trestles  ;  afterward,  when  wind- 
lasses were  adopted,  in  order  to  save  the  expense  of  a  bridge,  the  wind- 
lass vaa  placed  on  a  maneuvering- boat,  as  was  done  by  M.  Chanoine 
iifter  experimenting  at  Courbeton  with  ThSnard  shutters  maneuvered 
from  the  top  of  a  Poir^e  bridge ;  or  else  an  eftbrt  was  made  to  use  for 
tbe  maneuvers  the  hydraulic  force  of  the  river  itself,  by  making  it  act 
■'itb  a  small  head  on  a  large  surface,  as  at  the  dam  at  the  bridge  across 
tbeNeuville,  the  gates  of  which  are  au  imitation  of  the  American  lock- 
Elites  nith  horizontal  axes,  and  as  was  afterward  done  by  Louiche-Des- 
foiitaines,  by  M.  Krautz,  and  by  M.  Carro,  ia  the  plan  which  he  pub- 
lished in  1870 ;  or,  lastly,  a  strong  hydraulic  pressure  was  made  to  act 
nn  a  piston  of  small  area,  as  M,  Uirard  put  into  practice  at  the  dam  at 
lie  BrQ14e,  near  Auserre. 

But  the  difficulty  becomes  much  less  when  we  seek  to  obtain  a  more 
important  result,  which  will  warrant  a  greater  outlay,  and  when  we  no 
loDf^r  recoil  from  constructing  a  service-bridge  carrying  a  crane.  When 
still  greater  lifts  are  to  be  obtained,  all  that  will  be  needed  will  be  to 
f^|>laee  the  movable  service  bridge  by  a  large  stationary  bridge,  ftom 
llie  top  of  which  it  will  be  always  easy  to  handle  the  gates  with  a  crane 
ofsHfiicit^ut  power,  as  Engineer  Frimot  proposed  in  1827,  to  give  a  great 
<traaght  of  water  in  the  Seine  between  Paris  and  Houen. 

The  dam  of  La  Monnaie,  across  the  left  channel  of  the  Seine  at  Paris, 
partly  realizes  this  idea,  with  this  difference,  that  the  bridge  is  replaced 
h.v  a  row  of  piers  too  near  together  for  the  purposes  of  navigation.  This 
trouble  would  be  avoided  with  an  actual  bridge,  which  would  at  the 
same  time  establish  commuuication  between  the  shores  j  the  bridge  over 
tbe  sluice  at  Belombre  on  tbe  Yonne,  and  that  over  the  sluice  at  Arcis 
on  the  Cure,  already  furnish  examples. 

Inland  navigation  ia  daily  demanding  a  greater  depth  of  water;  on 
this  depends  its  future ;  the  example  of  the  Lower  Seine  proves  it  con- 
clnsively,  since  auceeasive  efforts  have  been  made  to  give  a  dranght  of 
*  feet,  then  5^^  feet,  then  fij  feet,  and  now  it  is  proposed  to  carry  it  up  to 
about  10  feet.  It  would  be  well  to  remark  in  this  connection  that  wicket- 
dima  offer  thia  advantage  over  others,  that  it  is  not  very  difficult  to  iu-i  |^J 
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crease  tlioir  beiglit  within  certaio  limits,  wben,  after  they  are  built,  we 
desire,  to  iucrease  the  depth  of  their  pools.  We  have  already  seeu  how 
easy  it  would  be  to  increase  the  draught  of  water  m  the  Port-A-i'Anglaia 
pool  from  5i  feet  to  6J. 

Very  high  movable  dams  Oan  alone  insure  gi-eat  draught  of  water  for 
a  river;  tlius  we  eonld  scarcely  obtaia  a  dnuight  of  0  feet  10  incbea 
with  dams  of  13  feet  1  inch  in  height,  except  by  placing  their  sills  at  the 
low-water  level,  or  even  above,  #hich  would  present  the  double  disad- 
vautage  of  requiring  an  entire  cessation  of  navigation  for  the  slightest 
repairs  to  the  lock,  and  of  ciiusing  a  permanent  fall  over  the  sill,  even 
when  the  dam  is  open.  However,  the  navigable  pass  might,  perhaps, 
be  abolished  and  replaced  by  a  second  kick.  Deep  pools  are  likewise 
indispensable  for  improving  rivers  of  steep  slope,  nnless  locks  bo  mnlti- 
plied  beyond  all  reason.  Objections  have  been  made,  to  be  sure,  to  the 
construction  of  movable  dams  ou  rivers  with  steep  slopes,  beciiuse,  as 
a  rule,  those  rivers  bring  down  sand  and  gravel  that  would,  form  deposits 
over  the  machinery  during  floods.  But  sand  could  scarcely  form  a 
deposit  at  one  time  all  the  way  across  a  river;  hence  it  would  probably 
be  sufficient,  to  prevent  it  from  interfering  with  tho  maneuvers  of  a 
dam,  to  divide  the  latter  into  several  sections,  and  to  close  tbe  unob- 
Btracted  passes  so  as  to  clear  out  tbe  others  by  the  current  that  would 
result.  Besides,  experience  seems  to  have  already  refuted  this  objection ; 
for  tbe  slope  of  the  Upper  Yonne  is  great,  and  there  are  also  movable 
dams  on  the  Loire  at  lioanne  an<l  at  Decize,  and  on  the  Allier  at  Vichy. 

Another  objectron  has  been  made  to  very  high  dams,  and  that  is  that 
their  pools  would  submerge  the  low  portions  of  tbe  valley ;  but,  in  tbe 
generality  of  cases,  tbe  shores  of  iwols  can  be  diked,  and  the  water  leak- 
ing through  oan  be  caught  iu  a  lateral  ditcii  and  emptied  below  the 
dam. 

It  will  be  seeu,  by  a  i-ecent  article  from  M.  Cambuznt,  that  this  method 
has  been  snccessfully  adopted  ou  tbe  Yonne. 

Far  fi-om  this  being  any  iuconvenien-re  in  principle,  it  would,  on  the 
contraiy,  be  an  advantage  to  agriculture  to  raise  the  pools  a  little  above 
the  level  of  the  valley,  so  as  to  employ  the  water  of  the  river  for  irriga- 
tion. But  the  construction  of  dams  ou  rivers  is  not  alone  useful  to 
commerce  as  regards  water.transportation,  and  to  agriculture  as  regards 
irrigation.  I  think  that  tho  time  has  come  to  utiliiie  the  fall  of  rivers 
and  navigable  streams,  as  has  just  been  done  for  tbe  Hhone,  at  Belle- 
garde,  at  a  considerable  cost  for  llrst  establishment,  (Annales,  2d  half- 
year,  1872,  p.  371,)  and  as  had  already  been  done  on  the  Marne,  at  %tint 
Maur,  Trilbardou,  and  Conde-snr-Slarne.  Large  movable  dams  allow 
theinterestsot  iiavigatiOD  to  be  reconciled  with  this  improvement,  which 
tbe  steady  rise  in  the  price  of  coal  will  probably  cause  to  be  realized 
everywbi're  at  no  very  distant  day. 

The  discharge  of  the  Seine  at  Port-;\  I'Anglaia  is  but  little  less  than 
1,400  cubic  feet;  and  if  only  half  be  used  for  running  a  factory,  (for  I  am 
persuaded  that  we  shall  be  able  to  reduce  the  loss  of  water  through  the 
dam  as  much  as  we  desire,  when  tliat  becomes  necessarj,)  we  shall 
obtain,  with  a  fall  of  9.84  feet,  a  disposable  power  of  800  horses,  the 
annual  rental  of  which,  allowing  for  stoppages  caused  by  high  water, 
may  be  estimated  at  abont  200  francs,  (§37.20,)  [Aimales,  2d  half-year, 
1872,  p.  375,)  or  a  total  of  100,000  francs,  (§29,700.) 

A  steam-engine  of  800  horse-power  consumes  not  less  than  40  to 
50  tons  of  coal  a  day ;  judging  by  this,  tbe  Port-iU'Anglaise  dam  is  tbe 
equivalent  of  a  coal-mine  yielding  from  15,000  to  18,000  tons  of  fuel  ptr 
annum. 
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We  have  seen  in  the  recent  article  by  M.  Gambazat,  that  the  cost  of 
slackwatering  tbe  Seine  from  Paris  to  Monteieaa  is  only  one-hundredth 
of  a  fraue  per  ton  per  kilometer,  (0.631  mile,)  or  a  little  less  than  three 
mills  i«er  ton  per  mile  for  the  present  traffic;  but,  far  from  being  onerous, 
the  construction  of  dams  might  become  productive,  since  tbe  fall  of  the 
Port-^l'Auglais  dam  might  furnish  a  revenne  of  about  10  per  cent,  of 
the  capital  employed  in  its  construction.  It  seems  to  me  extraordinary 
thatuoue  of  the  falls  formed  by  the  dams  of  the  Seine  and  the  Yonne 
have  yet  been  utilii^ed  for  manufacturing  purposes.  The  stoppages  to 
vhieU  the  factories  located  at  these  points  would  be  exposed  are  per- 
haps the  cause.  But  these  stoppages,  during  floods,  will  bo  shorter 
and  leas  frequent  as  the  pools  of  the  dams  are  deeper,  and  to  my  mind 
thUisone  more  reason  for  increasing  tbe  height  of  tbe  dams. 

Pakib,  May  15,  1873. 

ADDITIONAL  NOTE. 
OK  THE  AUTOMATIC  WICKETS  OF  TUB  WEIB3  ON   THE  TJPP£R  SEINE. 

MU.  Ghanoine  and  de  Lagren6,  in  their  first  article  on  wicket-dams, 
say,  in  speaking  of  the  automatic  wickets  of  the  weirs: 

•  1  •  *  jj^jg  wicketo  tliftt  are  bwhiik,  as  -we  have  mentioned,  under  mi  overflow, 
virjing  from  three  to  ten  iocbes,  according  Co  the  dams,  wilt  rise  BpoDtancoiisly  when 
tbe  np-stieam  level  sball  have  fallen  la  ^i  inches  below  the  crest  of  tbe  dnn,  if  Iht 
'"'•IfrKtifhtt  be  fastened  vn  the  brteeh. 

The  precedine  calculations  are  onTj|  approiimnte,  and  it  is  difficnlt  to  ma^e  them 
Mwt  faerore  mahiDg  new  experiments,  in  order  to  determine  qnontitios  that  we  do  not 
bttir  with  certainty.    •     •     *     (-Jnnalw,  1801,  2d  half-year,  p.  311.) 

Thas,  tbey  supposed,  fmrn  approximate  calculations,  that  the  wickets 
voald  swing  under  an  overflow  of  from  three  to  ten  inches,  and  all  ex- 
Iterimeuts  conflrm  this  result;  bnt  they  also  supposed  that  tnese  wickets 
foald  right  themselves  spontaneously  when  the  surface  of  the  pool 
shonid  f^l  to  5^  inches  below  the  crest  of  the  dam,  and  this  is  what 
»perience  has  not  confirmed.  Furthermore,  they  hastened  to  add 
that  this  calculation  was  only  approximate,  and  should  be  verified  by 
experience. 

FIBsr  EXPERIMENTS. 

As  soon  as  the  dams  on  the  Seine  were  completed,  experiments  were 
made  to  verify  the  approximate  results  of  the  calculations  that  we  have 
JQst  mentioned,  and  M.  de  Lagren4  gives  an  account  of  these  experi- 
mentB  in  a  report  dated  June  23,  1865.  The  flrst  experiments  were 
made  December  8, 1864,  at  the  Albon  dam,  and  on  tbe  12th  of  the  same 
monUi  at  the  Port-^-1'Anglaia  dam ;  the  wickets  swung  under  tbe  iuflu- 
enee  of  an  overflow  of  5^  inches  in  the  first  case,  and  of  4  inches  in  the 
Kcood,  bnC  they  did  not  right  themselves  until  after  a  fall  in  the  pool 
of  3.3  feet  and  3.9  feet  below  the  normal  level,  although  movable  coun- 
terpoises were  attached  to  the  breech.  The  inclination  of  the  wickets 
vben  swung  was  15°  below  the  horizon. 

Steps  were  immediately  taken  to  insure  the  righting  of  the  weirs 
vithoflt  allowing  the  sarfaoe  of  the  pool  to  fall  so  low,  and  various 
ffieaos  were  tried  to  accomplish  this  righting  by  hand.  For  example, 
use  was  made  of  the  maneuvering-boat  resting  against  the  wickets  that 
remained  standing,  when  a  fall  of  1  foot  to  1.3  feet  in  the  pool  insured 
the  stability  of  these  wickets ;  or,  for  a  smaller  fall,  this  same  boat  was 
^tened  to  anchors,  or  t«  piles  driven  in  the  river.  Experiments  were 
P-4 
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made  witb  tbe  wooden  acroon  In  use  at  Melun  for  rigfating  the  last  wick- 
ets of  tbe  nsTigable  pass  of  this  dam ;  bnt  ttiis  screen,  whluh  insures 
the  spontaneouB  righting  of  tbe  wickets  of  the  navigable  pass  so  soon 
as  it  is  placed  vertically  against  the  breech,  has  but  a  very  slight  infla- 
ence  on  the  weir-wickets,  whose  breech  is  shorter.  All  tbese  methods 
were  attended  with  some  inconvenience,  and  were  dangerous  to  tbe  lock- 
tenders. 

WICEETB  WITH  X  LIHTTED  INOLrNA.TION. 

To  avoid  these  troubles,  an  endeavor  was  made  to  hasten  the  sponta- 
neous righting  of  the  wickets  by  limiting,  in  varioas  ways,  the  angle 
through  which  they  could  swing.  Experiments  were  made  oo  the  22d 
of  May  and  1st  of  June,  1865,  at  the  Citanguette  dam,  in  order  to  stady 
at  the  same  time  the  influence  of  the  angle  of  inclination  of  the  wickets 
when  swung,  and  that  of  the  supplementary  conaterpoises  fastened  to 
the  breech. 

It  was  noticed  that  the  counterpoises  fastened  on  the  breech  were 
almost  without  effect  at  the  moment  when  the  swing  took  place,  and  also 
when  the  wickets  righted,  on  account  of  the  shortness  of  the  tever-arm 
of  the  counterpoises;  but  that  the  angle  of  inclination  of  the  wtckets 
exerted  a  considerable  influence  ou  their  spontaneous  righting. 

The  following  table,  taken  from  the  aforementioned  report,  June  23, 
1865,  and  reproduced  in  the  article  of  MM.  Chanoine  and  de  Lagren^, 
of  March  21, 1866,  (Annales,  October,  1868,  p.  141,}  gives  the  result  of 
the  experiments : 


Angle  of  Ulb  irlBliet  above  the  boikoDlal. 
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BEGULATINQ-CHAINB. 

These  experiments  seeming  to  be  conclusive,  M.  de  Lagren^  presented, 
on  the  22d  of  June,  1865,  at  the  same  time  as  the  aforementioned 
report,  a  plan  for  regulating-chains  intended  to  limit  the  angle  of  incli- 
nation of  some  of  the  wickets  of  each  weir,  to  insure  their  righting 
spontaneously  after  tbe  passage  of  small  floods. 

This  plan,  whose  arrangements  and  drawings  were  given  in  tbe 
Annal^s  des  ponts  et  ckauasies,  (Oi^tober,  1868,)  was  approved  by  a 
ministerial  decision  of  August  24, 1865,  in  these  words : 

I  Bntborize  jon  to  make  the  eiperiment  yon  propose  on  one  of  thedaDl8■ontIleSfliI>e' 
I  reqneBt  the  inspector-general  to  report  to  me  ou  the  subject,  after  ha  has  informed 
bimself  of  the  reuult  of  this  trial. 

The  new  experiments  ordered  bv  this  decision  were  made  on  the  23d, 
26th,  and  30th  of  September,  and  tbe  24th  of  October,  1865.  They  con- 
firmed the  results  recorded  in  the  above  table,  save  tbe  variatioo  of  a 
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fev  bandredths  of  a  foot  more  or  less,  according  to  the  wickets  experi- 
lEeoted  on;  for  a  very  slight  difference  in  the  coastructioQ  of  a  wicket, 
and  particalarly  in  the  position  of  its  axis  of  rotation,  is  safficient  to 
make  it  more  or  less  sensitive. 

lDB[>ector8- General  tie  Breville  and  de  Sermet  were  present  at  the 
experimeDta  of  the  30th  of  September,  and  M.  de  Sermet  made  the  re- 
port on  them  to  the  administration. 

Fioally,  by  a  decision  of  December  4,  IS66,  the  definite  plan  for  rega- 
lating-chains  was  approved.    This  decision  reads: 

T)i«  fliplauatioDB  pvea  in  the  reports  annexed  to  tbe  project  Tor  raftDenvering  these 
wickets  show  that,  bj  fastening  chains  to  twenty  of  the  wiokets  of  a  dam,  its  TSgnlar 
■DckiDg  would  be  aeonTcd. 

Id  locoTdance  with  tbe  opinion  expreascd  by  the  connoil  of  tbe  pouts  tt  ekauM^  I 
tpproTB  tbe  project  presented  on  tbe  32d  of  November,  IS65,  by  Engineer  de  Lagreod, 
fbrcbaining-apparatns  intended  to  complete  the  antomobility  of  tbe  wiclcetB  of  weirs, 
■id  I  utborize  the  application  of  this  apparatus  to  twenty  wickets  of  each  of  these 

injuBEB  OF  GHAnraj)  vicebis. 

In  tbe  report  of  Jane  23, 1865,  and  in  the  article  of  Majtth  21,  1866, 
{iimle*,  October,  1868,  pp.  43&-i42,)  M.  de  Lagren4  explained  very 
clesriy  why  it  was  proposed  to  apply  chiuus  to  only  fifteen  or  twenty 
tickets  of  each  weir. 

We  read  in  Ae  last  memoir,  (page  137 :) 

Tbii  simultaneons  swinging  of  a  large  nnmber  of  wickets  oogbt  not  to  take  place, 
bwanie  the  wickets,  althongh  eonatmcted  after  tbe  same  pattern,  are  not  eqnallf 
■cniitirfl.  •  ■  •  ■  When  the  water  poors  over  a  weir  whose  wickets  are  np,  aU 
>1m  vinkete  are  on  tbe  point  of  swinging,  but  only  one  or  two  actually  do  ao.  If,  In 
■H^ite  of  tbis  opening,  tne  water  continuBa  Co  rise,  one  or  two  other  wickets  swinj;,  and 
30  CO,  until  tbe  water-way  is  snfflcient  for  the  discbarge. 

(P«fe438  0 

Experience  mnst  decide  this  question.  We  understand  that  in  some  exceptional 
am  saob  a  mass  of  water  may  come  down  suddenly  as  to  canse  all  the  wickets  to 
Kvbg  at  tbe  same  time. 

(Page  442:) 

ItiasnfBoient  to  apply  chains  to  fifteen  OT  twenty  wicketsof  each  weir,  taking  care 
I'lHlect  the  moat  seusitive,  oi  rather  to  make  tbem  more  sensitive  by  lengtbeuiDg  tbe 
i:hue,M  that  tbey  may  always  swing  first,  and  the  others  will  be  left  free  to  swing 
folly,  10  aa  to  allow  the  passage  of  flomls  that  may  arrive  suddenly. 

And  fnrther  on : 

Eiperieuoe  mast  determine  for  each  weir  tlie  number  of  wickets  to  be  fitted  with 

In  addition,  in  the  report  of  Jane  23, 1865,  we  read : 

If  ill  the  wicketsof  a  weir  were  so  arranged  as  to  swing  within  a  limited  angle, 
°ifficn1lies might  arise;  should  a  sudden  and  unforeseen  flood  come,  the  water- way  of 
Ue  reir  would  then  be  more  or  less  contracted. 

And  further  on : 

We  think  that  fifteen  wickets  will  always  be  enoDgh,beoanse,  when  tbedam  is  raised, 
tbe  discharge  of  the  Seine  is  less  than  6,340  onbio  feet  per  second.  Finally,  it  is  a 
imtion  tbat  experience  will  decide. 

Lastly,  in  Uie  article  of  March  21, 1866,  AT.  de  Tjagrend  is  carefnl  to 
^  aa  a  note  to  page  43L : 

^  The  constructlou  of  a  bridge  supported  by  trestles  on  tbe  up-stream  side  of  tbe  weir 
*    '    *    would  overcome  all  difflculties  and  all  objections  except  a  slight  increase 
of  cost 

Tbis  solution  had  already  been  pointed  ont  in  an  article  of  December 
31, 1866,  [Annaleg,  March  and  April,  1866,  p.  210.)  ,tKwlc 


PLACma  THE  BEOnLATmO-CHAinS. 

The  final  plan  for  re^Iating-chaiiiB,  limiting  the  iDClInfttion  of  the 
vicketB)  had  been  approved  for  ^weuty  vicketH  at  each  weir  by  the 
decision  of  December  4, 1866,  and  fnnds  were  furnished  in  1867  for  tbe 
execution  of  this  work  on  the  dama  of  the  department  of  the  Seioe-et- 
Oise  and  of  the  Seine;  consequently,  regnlating-chains  were  added  to 
twenty  wickets  of  each  of  the  dams  of  Port&l'Anglais,  Ablon,  Evry, 
and  Le  Coudray  during  the  months  of  October  and  S^ovember,  1867. 

These  regnlatiug-chaius  were  placed  on  the  twenty  adjoining  wickets 
sitnated  in  the  middle  of  each  weir,  so  that  there  were  left  fifteen  free 
wickets  on  either  side  of  tbe  confined  wickets.  Furthermore,  care  was 
taken  to  enlarge  the  chases  of  the  confined  wickets  by  wooden  strips 
of  f  of  an  inch  to  1^  inches,  and  likewise  to  enlarge  the  breeches 
of  the  free  wickets,  so  that  the  latter  would  require  a  greater  height  of 
the  water  to  swing  them  thau  the  former.  Experience  has  since  Bhown 
that  the  confined  wickets  thos  arranged  swing  first,  and  that  an  increase 
in  height  of  water-surface  of  from  2  to  2 j  inches  was  afterward  needed 
t-o  make  the  &ee  wickets  swing. 

BXPEEIMEKTS  OF  1868. 

The  above  loeutioned  dams  having  been  closed  from  the  end  of  May 
to  the  first  of  ^November,  1868,  it  was  easy  to  observe  how  they  act«d 
under  various  circumstauces,  and  especially  under  tUe  infiaeooe  of  very 
variable  discbarges  and  changes  of  level  in  the  pools. 

The  following  is  the  result  of  the  observations  which  were  made : 

1.  When  the  level  of  the  pool  rises  above  the  normal  level,  the  con- 
fined wickets  swing  first,  and  in  succession  ;  so  that,  if  the  discharge  of 
the  weir  be  small  and  slow,  the  opening  given  to  the  waters  by  some  of 
these  wickets  sutBces  to  lower  the  surface  of  the  pool. 

It  has  been  observed  at  the  four  dams  mentioned  above  that  fre 
qnently  two,  three,  five,  ten,  or  even  all  the  twenty  confined  wickets" 
would  swing  to  the  angle  allowed  by  tbe  regulatiag-cbains  withoat  any 
free  wickets  swinging. 

2.  The  eonflued  wickets  swing  as  sood  as  the  water  overflows  to  a 
depth  of  from  4  to  6  inches. 

3.  When  the  increase  in  the  discharge  of  the  river  is  such  that  the 
water-way  furnished  by  twenty  wickets  at  an  angle  of  45°  is  not  snfii- 
cient  to  prevent  tbe  surface  of  the  pool  from  continuing  to  rise,  the 
free  wickets  in  their  turn  swing  successively. 

It  has  been  several  times  observed  that,  in  consequence  of  the  swing- 
ing of  the  wicketa  of  weirs  further  up  stream,  which  were  not  furnished 
with  re^lating-chains,  there  resulted  so  great  and  so  rapid  an  increase 
in  the  discharge  that  half  an  hour  after  the  opeuiug  of  the  twenty  coa- 
flued  wickets  the  thirty  free  ones  were  all  swung. 

4.  The  overfiow  necessary  to  swing  the  free  wickets  was  from  6  to  3 
inches,  becomiug  less  as  the  level  of  the  lower  pool  rose  in  consequence 
of  tbe  opening  of  the  confined  wickets. 

6.  The  confined  wickets  right  themselves  spoutaneonsly  after  a  slight 
depression  of  the  pool,  as  is  shown  in  the  above  table  of  angles  of  in- 
clination. The  wickets  of  the  four  dams  nearest  to  Paris  generally 
right  themselves  after  a  lowering  of  the  surface  of  from  6  to  8  inches. 
The  angle  of  inclination  of  these  wickets  was  about  45°,  but  was  not 
measunMl  exactly. 

6.  The  free  wickets  were  always  righted  by  hand  without  waiting  for 
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tiieir  spootSDeons  righting,  which  woald  have  required  too  great  a 
lowering  of  the  surface  of  the  pool.  But,  as  this  operation  required  the 
use  of  the  maneuveriug-boat  in  a  very  swift  current,  it  generally  could 
not  be  performed  except  after  too  great  a  lowering  of  the  pool.  Besides, 
it  is  often  dangerous,  and  it  is  almost  impassable  at  night. 

1,  When  the  navigable  passes  were  opened  on  the  first  of  Kovember, 
the  coD&ned  wickets  and  a  few  of  the  free  ones  were  swung ;  the  oiten- 
iug  of  the  pass  having  lowered  the  pool,  the  confined  wickets  immedi- 
attiy  righted  tbemselves,  and  it  was  easy  to  detatch  their  chains,  and 
tben  to  lay  them  down  on  the  fioor. 

For  this  operation  to  have  been  impossible,  it  wonld  have  been  neces- 
sary that  the  level  of  the  water  should  have  remained  at  6.66  feet  above 
Ion-  water  after  the  navigable  pass  was  opened.  This  case-  might,  to 
be  Bare,  arise  in  the  case  of  a  swift  and  unforeseen  flood  like  that  of  Sep- 
tember, 1866. 

OONOLUSION. 

To  sum  Dp,  the  expectations  that  were  formed  from  the  plan  of  using 
regulating-chains  for  the  wickets  of  weirs  have  been  perfeotl;  realized 
eicept  on  one  point. 

It  was  hoped  that  the  opening  offered  to  the  waters  by  a  certain  num- 
ber of  wickets  leaning  at  an  angle  of  45°  would  generally  have  been  suf- 
finent  to  carry  off  small  floods,  and  that  the  free  wickets  would  very 
■wly  swing.  In  fact,  that  appeared  to  be  probable;  for,  before  the 
closiDg  of  the  dams,  the  discharge  of  the  Seine  during  low  water,  and 
even  at  medium  stages,  varied  slightly  and  gradually.  However,  care 
^as  taken  to  state  in  the  plan  that  more  complete  ezperiments  Kere 
iiAKwary  to  determine  the  number  of  wickets  which  it  would  be  advan- 
Itgtovt  to  supply  with  regulating-chains. 

These  experiments  were  very  completely  made  between  the  months  of 
June  and  November,  1863 ;  and  they  showed  that,  under  the  influence  of 
tbe  complete  swtugiug  of  a  movable  weir  with  free  automatic  wickets, 
Ibe  discharge  of  the  river  below  the  dam  would  undergo  very  great  and 
verj-  sudden  changes.  Before  the  closing  of  the  dams,  the  change  of  the 
le^el  in  the  waters  of  the  Seine  above  Paris,  under  the  influence  of  an 
sttifieial  flood  on  the  Yonne,  averaged  from  1.30  to  1.60  feet  from  day  to 
<lay,  and  this  variation  only  took  place  gradually.  On  the  other  hand, 
'fhen  a  weir  is  entirely  swung,  the  water  below  suddenly  rises  5  feet, 
and  sometimes  more. 

Tbis  having  occurred  several  times  in  1868,  experience  shows  that  it 
is  not  enough  to  confine  a  part  of  the  wickets  of  the  weir,  but  that  it 
is  neeessary  to  confine  them  all.  Kow,  thisis  not  possible  with  the  mode 
of  attachment  adopted  for  the  chains,  since,  in  some  cases,  if  the  inclina- 
tion of  45°  for  a  whole  weir  were  not  sufficient  for  the  passage  of  a  flood 
it  ironid  be  impossible  to  increase  the  water-way  mthout  openinjr  the 
ifarigable  pass. 

Hence  we  must  conclude: 

1.  That  all  the  wickets  of  each  weir  must  be  confined,  and  that  there 
pnst  be  some  way  of  diminishing  or  increasing  their  inclination  accord- 
iDft  to  the  importance  of  the  flood  to  be  passed. 

^.  A  point  of  attachment  must  be  provided  for  the  chain  which  is 
^^ly  acceesible  in  all  weathers,  and  even  at  night,  whatever  be  the 
liei^t  of  the  water. 

3.  We  must  be  able  to  change  the  length  of  the  chains,  and  conae- 
^nently  the  incliaatiou  of  the  wickets,  in  all  weathers,  and  even  at 
"■ght,  so  as  to  regulate  at  will  the  surface  of  the  pool.  lOOulc 
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4.  The  Bervice-bridge,  already  deacribed  in  tbe  rei>orts  qaoted  above, 
seems  to  be  the  oDly  mode  of  completely  solving  tlie  problem  stated  in 
tbe  two  preceding  paragraphs. 

5,  Telegraphic  conimnuicatioD  betveen  the  dams  appears,  moreover, 
to  be  necessary,  in  order  that  tbe  dam-tenders  above  may  indicate  in 
good  season  to  those  below  the  inclination  they  mnst  give  to  the  wickets 
of  their  weirs. 


AUTOMATIC   MOVABLE   DAM. 
U.  QIBAKD'S   BYSTEM,  WITH   HYDRAULIC   JAGES. 

The  kind  of  movable  dam  which  forms  the  subject  of  this  descrip- 
tion, and  which  has  just  been  applied  to  a  dam  on  the  Yonne,  is  due  to 
the  late  M.  Girard,  a  civil  engineer,  well  known  by  his  works  and  his 
researches  in  hydraulics. 

M.  Girard's  plan  dates  from  1S69:  the  first  description  of  it  is  found 
in  an  essay  that  he  had  published  by  Ganthier-Villars,  entitled  "The  rais- 
ing of  wat#r,  the  water-snpply  of  cities,  and  the  distribution  of  power  to 
dwelling8,"("^(Ajaiion*  d'eau,  alimentation  des  viiles,  et  distribution  deforce 
d,  domicih.")  M.  Girard  was  then  full  of  the  possibility  of  utilizing 
the  motive- power  of  large  streams  for  the  assistance  of  manafacturiug  in- 
dustries, by  placing  at  their  disposal  an  absolutely  inexhaustible  source 
of  power  to  replace  coal,  whose  ever-increasing  consumption  forces  us 
to  consider  the  possibility  of  its  becoming  exhausted)  and  it  was  in 
order  to  make  high  dams  on  rivers  that  he  devised  the  system  of  mov- 
able dams,  which  be  calls,  in  bis  essay,  hydromotor. 

He  presented  a  model  of  it  to  the  administration,  who,  after  it  had 
been  examined  by  the  general  conncilof  tbe pon(«etcftaiM«&«,  decided  to 
try  it  on  oneof  the  dams  then  being  built  on  tbe  Yonne,  between  Auxerre 
and  Laroche,  in  the  division  of  which  Inspector-General  Cambuzat  was 
then  chief  engineer.    (Decision  of  December  15, 1869.) 

The  dam  selected  was  that  of  tie  Brfll^e  at  Auxerre,  about  a  mile 
below  the  city.  It  comprises,  as  do  all  tbe  dams  on  the  Yonne,  a  large 
lock,  a  navigable  pass,  and  a  movable  weir.  It  was  decided  to  try  the 
proposed  system  on  the  weir ;  and  M.  Girard  at  once  presented  a  plan 
that  was  approved  by  the  minister  under  date  of  June  23, 1870. 

M.  Girard  proposed  to  do  the  work  by  contract]  and  as  his  bid  was 
accepted,  he  began;  but  the  unfortunate  events  of  1870  interrapted  the 
■works,  and  M.  Girard  did  not  Lave  the  satisfaction  of  resuming  them. 
He  was  killed  by  a  Prussian  ballet  during  the  sad  times  of  tbe  Commaoe, 
and  his  heirs  transferred  his  contract  to  M.  Gallon,  bis  assistant  and 
friend,  who  has  just  finished  it. 

G£N£BAL   ABBA«a&»£NTS. 

The  system  comprises — 

1.  A  series  of  large  wooden  shutters  or  wickets,  (Fig.  112,  Plate 
20,)  moving  around  a  horizontal  axis,  that  turns  in  a  cast-iron  hollow 
gnoin,  (Fig.  113,)  embedded  in  the  crest  of  a  masonry  floor,  (Fig.  114.) 

2.  Hydraulic  Jacks,  intended  to  work  each  large  shutter,  fostened  on 
the  dowD-stream  slope  of  tbe  floor,  and  solidly  anchored  in  the  masonry, 
(Fig.  114.)  The  piston  of  each  of  these  jacks  carries  a  cast-iron  tran- 
som, called  the  "piston  ctoBS-headL,"  (traverse  tite  de  piston,  Fig.  110.) 
having  the  shape  of  a  solid  of  equal  resistance,  which  is  guided  in  it« 
coarse  by  three  cast-iron  slides  (Fig.  Ill)  on  which  it  rests,  (Fig.  110.) 
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The  piston  cross-bead  bas  three  coDnecting-rods,  (Fig.  110,)  wbicli 
are  jointed  to  another  cast-iron  transom,  or  cross-head,  that  is  movable 
JD  a  hollow  qaoin,  {gorge  de  rotatUm,  Fig.  112,)  fastenetl  at  tbe  middle 
of  the  large  shatters. 

3,  A  set  of  copper-pipes,  (a,  Figs.  114  aod  116,)  which  pat  each  jack 
in  commanication  with  the  generators,  and  accamnlators,  which  are  in- 
tended  to  send  the  water-presaare  into  the  hydraalic  jacks. 

i.  A  water-power  online,  constructed  on  the  abntment  of  tbe  weir, 
(Plate  30,  Pigs.  123, 121.)  This  engine  consists  of  a  tnrbine  baTing  a 
vertical  axis,  (Figs.  115  and  123,)  of  a  doable-acting  water-pamp,  and 
anair-pnmp,  (fvhich  are  pat  in  motion  by  the  tarbiue,)  and  of  an  air- 
chamber  of  compressed  air. 

The  pomps  and  the  air-ohambcr  or  acciimnlator  commanicato  with 
each  other  and  with  the  jack  by  means  of  three-way  cocks,  (Figs. 
117  and  IIS,  which  allow  the  water  to  flow  either  into  the  jocks,  or  into 
the  accumulator,  or  to  empty  into  a  discharge-pipe. 

Themaneovering  of  the  shatters  is  accomplished  by  merely  turning 
theeocha.  By  putting  each  jack  into  communication,  either  with  the 
puiDps  or  with  the  accamalator,  the  piston  is  made  to  run  out,  and  tbe 
BtiQtter  to  rise;  on  the  other  hand,  by  opening  the  cock  into  the  dis- 
charge-pipe, the  water  rnna  oat,  under  the  pressure  from  the  shutter, 
the  tKirrel  is  emptied,  tbe  piston  rans  in,  and  the  sbnttfir  falls  down. 

The  accamalator  is  a  governor  for  the  action  of  the  pumps;  it  also 
allatTB  the  dam  to  be  raised  before  the  water  is  backed  up,  and  while 
the  difference  of  level  is  insufficient  to  set  the  tarbine  in  motion. 

PBINOIPAL  DIUENSIOnS. 

The  weir  of  the  lie  Briilte  dam  is  82  feet  long;  the  sill  is  6.56  feet 
Ijelow  the  level  of  the  upper  pool ;  the  fall  is  6  feet. 

There  are  seven  shutters;  they  are  11.65  feet  broad  and  6.46  feet  high, 
from  the  asis  of  rotation  to  the  top.  When  raised,  they  have  an  inclina- 
tioa  of  1  base  to  10  vertical ;  when  down,  they  lie  horizontally  on  the 
floor. 

Ihey  are  made  of  flr  joists  i  inchca  thick,  (Figs.  112, 113,)  fastened 
>t  one  end  to  the  lower  axle,  and  connected  together  at  the  middle  by 
">e  piece  of  cast  iron  in  which  turns  the  cross-head  of  the  connecting- 
™ig,(Fig.  112.) 

The  jacks,  like  the  shatters,  are  seven  in  number.  They  are  made  of 
cast  bon.  Their  exterior  diameter  is  16  inches,  and  the  thickness  of 
their  walls  is  IJ  inches.  They  are  anchored  into  tbe  masonry  by  two 
strong  wrongbt-iron  rods,  running  through  the  entire  mass,  (Fig.  Ill,) 
3i>(l  bolted  to  two  strong  ears,  cast  on  tbe  barrel  of  each  jack. 

The  piston  is  of  cast  iron,  covered  with  a  jacket  of  red  copper;  its 
diameter  is  one  foot.  It  slides  through  a  stafflng-box  of  hammered 
i^Pper,  which  forma  a  joint  that  becomes  tighter  as  tbe  pressure  in- 
CTeases. 

The  supply-pipes  a  (Fig.  114}  enter  the  barrels  of  the  jacks  at  the 
pottom ;  they  are  of  copper,  and  are  1  inch  in  diameter.  They  are  set 
;d  a  trough  cut  in  the  floor,  which  terminates  at  tbe  distributing-cocks 
in  tbe  engine-room,  (Fig.  116.)    Each  jack  has  a  separate  pipe. 

To  be  protected  from  frost,  the  jacks  were  put  wholly  below  the  sur- 
face of  the  lower  pool.  As  this  arrangement  makes  it  difBcnlt  to  inspect 
them,  or  to  make  repairs,  masonry  partitions,  having  a  groove  on  each 
side,  (Fig.  122,)  were  built  between  the  jacks;  and,  by  means  ofatop- 
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planks  placed  in  the  groorefi,  temporary  coffer-dams  may  be  formed' 
and  each  compartment  may  be  emptied  by  itself. 

The  tarbiiie  has  a  vertical  axis,  and  is  4  feet  in  diameter.  By  means 
of  its  upper  crank,  a  a'  (Figs.  1^0  and  121,)  it  works  a  doable-acting 
water-pump  with  a  plunger,  p  p',  and  an  air  pump,  r  r',  both  being 
mounted  on  the  same  cast-iron  bed-plata  The  two  pump-barrels  are 
shown  at  b  b'.  The  water  is  drawn  ap  through  the  pipe  c,  and  is  dis- 
charged through  d  d. 

One  of  the  clack -valves  is  shown  in  section  in  Fig.  120;  they  are 
guided  in  their  motion  by  a  stem  passing  through  a  stufBng-box,  and 
having  a  spring  pressing  on  its  head.  The  objeet  of  this  arrangement 
is  to  force  the  valve  to  return  to  its  seat  so  soon  as  the  piston  reaches 
the  end  of  it«  stroke ;  by  this  means  the  shocks  are  avoided,  which 
wonld  certainly  occur  were  the  valves  closed  by  the  pressnre  of  the 
water.  The  piston  is  of  bronze,  3  inches  in  diameter,  and  its  stroke  la 
6  inches. 

The  air-pump  has  but  one  barrel.  The  piston  ^  is  fastened  on  the 
same  rod  as  the  piston  of  the  water-pumps  j  air  enters  through  the 
pipe  e,  and  is  discharged  throngh  /  y.  Two  ball- valves  regulate  the 
action  of  this  pump ;  they  can  ^  thrown  out  of  play  at  will  by  opening 
the  cock  g'. 

hh'  isa  small  air-chamber,  which  serves  to  regulate  the  action  of  the 
water-pumps  when  the  jacks  are  worked  directly,  and  withoat  the  in- 
tervention of  the  accamulator. 

The  same  figure  shows  the  arrangement  for  oiling  the  turbine.  The 
driving-shaft  m',  on  which  the  turbine  is  keyed,  ia  hollow.  It  tnrns 
about  a  stationary  shaft  of  wrought  iron,  n',  on  which  its  upper  end  ia 
supported  by  means  of  a  pointed  pivot  fc'.  An  opening  ia  made  in  the 
hollow  shaft  to  pour  oil  into  the  cup  in  which  this  pivot  stands. 

The  water,  pumps  draw  directly  from  the  river  when  the  water  ia  clear, 
or  ftom  a  reservoir  built  iu  the  abutment  a',  (Fig.  123.) 

The  reservoir  of  compressed  air  ia  a  cast-iron  cylinder,  (Fig.  119,) 
whose  interior  diameter  is  26  inches,  and  whose  height  is  11^  feet.  The 
walls  are  2  inches  thick. 

Tbe  arrangement  of  the  maneuveriog-cocks  is  shown  in  Fig.  116. 
The  pipe  d  connects  the  air-chamber  with  the  distributing-pipe  b  V,  on 
which  are  placed  the  seven  cocks  belonging  to  the  different  jacks.  The 
pipes  a  lead  from  the  cocks  to  tbe  jacks.  The  discharge  takes  place 
thrdngh  a  pipe,  o  &,  which  returns  tbe  water  to  the  reservoir  iu  the 
abutment. 

Fig.  118  shows  the  cock  which  is  attached  to  the  discharge-pipe  of 
tbe  pumps,  and  which  either  permits  us  to  make  a  communication  be- 
tween the  pumps,  the  accamulator,  and  the  jacks,  (which  is  the  position 
shown  in  the  figure,)  or  else  to  act  directly  ou  the  dam  without  the  use 
of  the  accumulator,  or,  finally,  to  close  everything. 

Tbe  apparatus,  which  is  furnished  with  a  safety-valve  and  pressure- 
gauges,  wbich  coald  not  be  shown  on  the  drawing,  have  all  been  tested 
under  a  pressure  of  35  atmospheres. 

Finally,  tbe  hydraulic  machinery  is  made  complete  by  a  guard-gate, 
handled  from  the  inside  by  means  of  gearing,  for  opening  or  closing  tbe 
inlet-culvert,  and  by  a  grating  intended  to  prevent  the  entrance  of  Soat- 
iog  bodies. 

HA^EUTERINO  THR  DAM. 

The  dam  is  maneuvered  in  the  following  manner;  if  the  weir  and  the 
pass  are  entirely  open,  and  the  accumulator  is  empty,  we  most  begin  by 
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uakiag  a  fall,  so  as  to  net  tbe  turbioe  and  the  pamp  io  motion.  This 
M\  18  easily  obtained  by  closing  tbe  pass,  which  is  constructed  oa  the 
Cbanoine  system,  aud  which  is  closed  by  means  of  a  maneuvering- boat. 
Ab  soon  as  the  water  held  back  rises  above  tbe  sill  of  the  weir,  (3.28 
alwve  that  of  tbe  pass,)  there  is  safficieot  fall  to  start  the  turbine.  The 
jiicks  can  then  be  worked  directly  by  the  pumps,  and  they  may  be  raised 
ia  saccession  by  opening  tbe  proper  distributing-cocks. 

Ab  the  water-surface  coutinnes  to  rise,  the  resistance  of  each  shatter 
to  being  raised  increases  rapidly,  bat  the  force  of  the  fall  increases  at 
the  same  time,  and  the  turbine  is  always  in  condition  to  force  out  water 
M  an  adequate  pressure. 

This  pressure  varies  from  2  to  5  atmospheres,  from  a  fall  from  0  to 
Hiemaximooi  fall  of  6  feet;  as  an  average,  aot  more  tban  ten  minutes 
ia  required  to  raise  tbe  entire  dam. 

Asa  general  rule,  it  is  preferable  to  perform  the  manenvers  with  tbe 
accamalator.  If  the  accumolator  be  empty,  as  was  supposed,  we  begia 
lif  working  tbe  air-pump,  without  running  the  water-pumps ;  the  air  is 
impressed  in  the  accumulator  until  a  pressure  of  lU  atmospheres  is 
reached;  this  requires  nearly  an  hour;  then  the  air-pump,  which  is  not 
constructed  to  sustain  a  greater  pressure,  is  thrown  out  of  work,  aud 
the  water-pumps  are  got  under  way.  In  a  few  minutes,  half  of  its  vol- 
nme  of  water  is  sent  into  the  accumulator,  which  doubles  the  air-pres- 
Mire  and  brint;s  it  up  to  20  or  25  atmospheres. 

In  this  condition  of  afifairs,  the  accumulator  is  able,  by  itself,  to  raise 
tbe  wbole  dam,  if  the  fait  be  not  more  than  from  1^  to  3  feet ;  each  shut- 
ter may  be  raised  in  succeasiou  by  placing  the  jack  in  communication 
^th  the  reservoir ;  we  can  also  raise  all  of  them  at  once,  by  tumingon 
all  tiie  distributing-cocks,  aud  then  opening  the  cock  leading  to  theacca- 
mnlator.  All  tbe  sl^itters  are  thus  raised  with  tbe  greatest  nniformity, 
and  in  less  than  half  a  minute. 

Wlieu  the  fall  is  more  than  3  feet,  the  accumulator  cannot  finish  rais- 
ing the  shutters.  The  volume  of  water  expended  by  each  jack  is  3  cubic 
f^t,  or  21  cubic  feet  for  all  seven.  The  entire  volume  of  the  accnmn- 
ifttor  being  only  43  cubic  teet,  21  cubic  feet  cannot  be  withdrawn  with- 
ont  the  pressure  falling  to  10  atmospheres,  which  is  not  snfBcient  to 
^Ise  the  last  shutters.  In  this  case,  the  pumps  are  kept  at  work  dur- 
ing the  maneuver,  and  it  takes  from  five  to  six  minutes  to  end  the  oper- 
ation. 

Prescnure  is  rarely  wanting  in  the  accumnlator ;  it  is  almost  perfectly 
tight,  and  does  not  lose  more  than  half  an  atmosphere  in  a  day.  Con- 
^aently,  the  operation  of  raising  the  dam  can  almost  always  be  per- 
fonned  iu  from  ten  minutes  to  a  quarter  of  an  hour,  including  in  this 
the  loss  of  time  necessary  to  make  up  tbe  loss  of  pressnre  of  preceding 
dare. 

The  shutters  are  lowered  with  equal  facility;  it  is  only  necessary  to 
torn  the  distribating-cocks,  so  as  to  open  them  into  tbe  discharge- pipe; 
60  that,  under  the  pressure  from  tbe  pool,  and  the  weight  of  the  appa- 
i^tDB,  the  pistons  run  in,  and  force  oat  the  water  that  filled  tbe  barrels 
of  the  jacks,  which  escapes  tfarongb  the  discharge-pipe.  To  lower  a 
shatter  requires  about  two  minutes. 

It  is  evident  that  the- operations  just  described  can  be  varied  in  many 
^ay B.  The  jacks  being  mutually  independent,  we  can  raise  or  lower  the 
st>atters  in  such  order  or  in  such  numbers  as  may  be  desired ;  we  can 
even  raise  one  while  lowering  another.  Finally,  they  can  all  be  stopped 
at  any  point  of  their  conrse. 

To  keep  tbe  shatters  wholly  or  partly  np,  we  have  only  to  close  the  t 
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dietribatiug-cocks.  B^  reason  of  the  iDcompressibiltty  of  water,  the 
pistoD  remaioB  where  it  was  stopped.  However,  the  jacks  are  not  per- 
fectly tight,  aud  tbe  losses  are  shown  by  a  slight  lowering  of  the  piston 
at  the  end  of  the  day.  There  has  been,  so  far,  no  great  trouble  from 
this;  should  the  losses  increase,  a  means  of  overcoming  them  will  be 
shown  further  on. 

CALCULATIONS  AlfD  EZPBRIUEIITS. 

It  was  by  graphic  determinations,  and  by  hypotheses  on  the  shape  of 

the  sheet  of  flowing  water,  that  M.  Girard  calculated  the  force  necessary 

to  raise  the  shutters  in  their  various  positions,  under  falls,  varying  from 
0  to  6  feet.  When  the  shut- 
ters are  raised,  the  thrust  B  on 
the  piston  P  is  formed  by  the 
components  in  the  direction  D 
Eof  tbe  weightsp  and^  of  the 
apparatus  at  0  and  D,  and  the 
component  In  tbe  same  direc- 
tion of  the  pressnre  x  on  the 
shutter  caused  by  tbe  pool 
above.  p=2,244  pounds  and 
y  =3,036.  The  shntter  being 
11.65  feet  wide  and  6.46  feet 
in  height,  n  varies  with  the 
lift  from  0  to  13,990  pounds, 

and  the  thrust  E  from  2,387  to  13,750  pounds. 

Tbe  surface  of  the  piston  containing  109.S  square  inches,  each  atmos- 
phere corresponds  to  a  pressure  of  1,610  pounds.    The  pressure,  then, 

that  forms   an  equilibrium  with   the  thrust  B  vffries  from  1.5  to  8.0 

atmospheres. 
Experience  very  fully  confirms  these  results  of  calculation,  aa  was  to 

be  expected. 
But  there  was  less  certainty  of  obtaining  so  exact  a  result  for  the  case 

in  which  the  shutter  was  down  ;  the  water  would  flow  under  a  fall  of  & 

feet,  in  a  sheet  whose  form  ^^  ^ 

was    almost    entirely    nn-  ' 

known.   M.Oirard assumed 

that  the  pressure  n  would 

be  equal  in  this  case  to  the 

weight  of  a  prism  of  water 

having  the  surface  of  the 

shutter  for  its   base,  and 

for  its   altitude   half  the 

height  of  the  fall,  which 

gave  a  maximum  pressure, 

B  =;  25  atmospheres. 
Tbe  pressure  is  certainly 

not  reduced  in  tbe  ratio  of 

half  the  height  of  tbe  fall, 

and  we  might  fear  that  the 

shutters  could  not  be  raised 

without  going  very  much 

beyond  this  pressure  of  26  atmospheres,  which  bad  been  given  to  the 

manufacturer  as  a  maximum.    But  when  the  shutters  are  entirely  down, 

their  lower  face  is  submerged,  and  we  must  calculate  on  an  under-pres- 

Bure,  which  would  assist  tbe  raising.    Experience  has  confirmed  this 
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antJcipation,  and  tbe  pressare  scarcely  reaches  15  atmospheres  in  the 
positioa  of  rest,  and,  aa  a  rule,  does  not  exceed  22  to  24  atmospheies 
doriDg  tbe  ascending  movement  of  the  piston. 

The  increase  of  pressure  dnring  motion  is  dne  to  the  frictions,  which 
are  far  from  being  couetant,  and  vary  with  the  conditions  of  the  sliding 
sarfaces.  When  the  slides  are  muddy,  and  have  not  been  used  for  some 
time,  the  friction  may  go  as  high  as  5  to  10  atmospheres,  according  to 
the  position  of  the  shutter  and  the  height  of  the  fall. 

It  Bometimes  happens  that,  in  consequence  of  the  presence  of  a  foreign 
body  in  tbo  machinery  or  from  other  accidental  cause,  a  shutter  that 
bas  jast  been  raised  with  26  atmospheres  requires  30  to  raise  it  again, 
Tithoat  tbe  fall  having  been  increased.  There  is  no  great  trouble  in 
going  beyond  tbe  ordinary  limit  of  25  atmospheres,  as  tbe  jacks  have  all 
beentewted  to  36.  However,  when  this  case  arises,  the  accumulator, 
vhicb,  from  eontainjug  compressed  air,  is  tbe  only  thing  liable  to  burst, 
is  not  used,  and  the  jacks  are  worked  directly  by  tbe  pumps.  It  is  true 
that  some  concussions  are  caused  in  the  apparatus,  end  some  shocks  on 
the  pump- valves ;  but,  so  far,  these  heavy  pressures  do  not  appear  to 
have  Btrained  tbe  machinery  of  the  dam. 

Fig.  112  shows  a  device  that  I  placed  for  experiment  on  two  of  the 
l^ge  shutters,  and  which  reduced  considerably  the  pressare  required  to 
raise  them.  These  two  abutters  have,  near  tbeir  top,  flutter- valves,  or 
small  sheet-iron  gates,  tnrniog  about  a  horizontal  axis,  fastened  to  the 
rails  of  the  shatter  a  little  above  one-third  of  their  height,  and  prevented 
bj  a  chain  from  inclining  at  a  greater  angle  than  45° 

The  working  of  these  valves  is  easily  understood  :  when  tbe  shutter 
is  dovn,  the  valves  open  ander  the  pressare  of  the  water,  and  they  lean 
almost  in  the  direction  of  the  fluid  filaments ;  so  that  only  tbeir  sheet- 
iniQ  edge  sustains  a  pressure.  The  resistance  to  raising  the  shutter  is 
then  perceptibly  diminished,  and,  in  fact,  tbe  pressure  for  these  shatters 
is  never  more  than  from  15  to  18  atmospheres.  When  the  shutters  are 
raised,  and  the  valves  leave  tbe  water,  they  close  themselves. 

The  valves,  (of  which  there  are  three  to  a  shatter,}  2  feet  11  inches 
vide  by  2  feet  8  inches  in  height,  have  a  second  object,  copied  from 
^hat  is  done  at  other  dams.    It  is  to  assist  in  regulating  tbe  depth  of 
the  pool  by  opening  when  the  water  rises,  and  closing  when  it  falls. 
TUBBINB  AND  PUMPS. 

The  turbine  Is  coustracted  on  what  is  called  tbe  bigh-velocity  system. 
Urnns  at  the  rate  of  about  sixty  revolationa  a  minute.  Its  yield  in  water 
pomped  up  varies  from  0.30  to  0.16.  Its  average  force  is  from  5  to  6 
horse-power;  but  it  can  reach  12  to  14. 

It  is  four  feet  in  diameter,  and  the  breadth  of  the  movable  crown  is 
^  ioches.  Tbe  oriflc«a,  of  which  there  are  sixty,  have  each  two  inches 
of  opening. 

The  diameter  of  tbe  pump-pistons  is  3  inches,  and  was  calculated  in 
inch  a  way  as  to  raise  in  ten  minutes,  witb  the  mean  velocity  of  tbe 
turbine,  the  water  required  to  fill  the  barrels  of  tbe  seven  jacks. 

The  stroke  is  6  inches,  and  the  volume  of  water  pumped  up  at  each 
stroke  is  about  80  cubic  inches,  corresponding  to  a  useful  work  of  from 
91  to  99  per  cent. 

.  The  piston  of  the  air-pomp  is  6J  inches  in  diameter ;  its  stroke  is  8 
inches;  the  same  as  the  water-pnmps.  The  volume  of  air  compressed 
at  each  stroke  is  more  than  120  cubic  inches.  Care  is  taken  to  prevent 
this  pnmp  from  becoming  heated,  by  bringing  in,  through  tbe  sapply- 
Pipe,a  small  stream  of  water,  which  is  fon^  into  the  accumulator  with, 
theair.  Ot>'^;IC 
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RESISTANCE  OP  THE  MACHINEBT. 

Tbe  hydraulic  jacka  siiBtain  no  greater  pressure  than  1,414  poaods 
per  square  inch  under  a  pressure  of  26  atmospheres,  and  the  accumu- 
lator not  more  than  2,404.  The  pressure  ou  the  copper  pipes  is  1,513 
pounds. 

The  strains  on  the  piston  and  connecting-rod,  and  on  the  connecting- 
rods  themselves,  do  not  exceed  2,830  pounds  i>er  square  inch.  The 
strains  on  the  tioibers  of  the  shatters  are  less  than  236  pounds  per 
square  inch. 

The  dimensions  of  all  the  machinery  of  the  dam  were  so  calculated 
that  the  strain  on  each  one  should  be  very  much  within  the  ordinarr 
limits,  whence  results  great  safety  in  working  the  apparatus;  and  the 
only  accident  that  has  happened  so  far  is  the  breaking  of  oue  of  the 
slide-heurters,  against  which  the  end  of  the  piston  strikes,  and  by  which 
its  stroke  is  stopped.  This  heurter  was  broken  in  consequence  of  a  de- 
fect in  the  casting,  and  the  slide  had  to  be  replaced.  The  repairs  were 
readily  made  in  two  days,  thauks  to  the  division  of  the  dam  into  sepa- 
rate compartmeuts,  each  of  which  can  be  emptied  by  itself. 

^Nevertheless,  although  all  the  machinery  has  been  tested  to  35  atmos- 
pheres, care  is  taken  not  to  bring  ou  the  accumulator  a  pressure  of  more 
than  25  atmospheres.  Even  under  this  pressure  it  has  been  found  diffi- 
cult to  prevent  the  escape  of  air  through  the  joints  and  cocks.  These 
leaks  were  specially  noticeable  when  the  works  were  new.  The  castings 
were  not  everj'where  perfectly  tight,  and  the  air  escaped  prinwpally 
through  the  upper  cylinder-head.' 

This  escape  could  only  be  stopped  by  liaiog  the  interior  with  lead. 

As  to  the  other  parts— pumps,  jacks,  and  pipes — which  contain  water 
ander  pressure  without  air,  they  are  tight  enough,  and  the  only  losses 
are  unimportant  no  long  as  the  pressure  is  not  greater  than  25  atmos- 


Beyond  this,  it  is  very  difficult  to  prevent  losses  through  the  joints  and 
cocks. 

■WEIGHT  OF  MAOHINEBY  AND  MET  COST. 

The  following  are  the  weights  of  the  principal  parts  of  the  dam: 

1. — Jatk*  aitd  thutttn. 

Pounds. 

Borrel  of  jack,  with  pMkiDg  and  bolta 1,600.0 

Csst-iroa  piston,  witli  copper  Jacket TS9. 3 

PiHtoD  croM-beod,  carryinz  three  wtought-iroD  caps  aod  three  bronze  plates  2,074.6 

Cross-head  at  middle  of  Bhutter S96.3 

Joamal-boK  at  middle  oFsbDtt«r 334.4 

Lower  Joataal-box  and  hollow  qnoiu  fastened  to  the  floor 1,071.4 

Slides 97C8 

WrongbMron  conoecUDg-roda,  witb  broaz«  sockets 308.0 

Bolts  and  YoriouB other  pieces 506.0 

Total  for  one  shatter 6,307.3 

And  for  six  othersof  the  same  kind 49,643.3 

58.150.4 

*  The  loss  of  air  was  accompaaied  b^  a  Dbenomenon  that  was  iDtereeting  on  aoconot 
of  its  intensity,  namely,  the  cold  prodnoed  by  the  expansion  of  air.  This  oold  tros  ao 
great,  that  when  the  cylinder-bead  was  nnsorewed  to  iatrodnoe  the  lead  it  woa  found 


>veied  with  a  sbeet  of  ioe.    Ice  is  also  formed  when  a  cock  is  open  to  let  the  ai 
ie  at  a  high  pressure.    Tbia  ice  sometimes  snoceeds  in  entire!;  closing  the  m<'~'' 
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9. — TbrKo*  mil  oiurd-aate. 

PMOil. 

Ttibina 576.4 

Directrii 754,6 

Socket  and  bolts 116.6 

HoUow  oaBt-iron  ahaft,  with  aceeeBOriM 763.4 

Statjoouy  wronght-iron  shaft 171.6 

Guatd-gate,  wiUi  Its  accewories,  maehiDeiy,  grating,  &o 3,699.4 

5,0M2.0 
3. — PamjM,  naakinery,  and  piping. 

Pimp-banels  and  bed-plat« 1,104.4 

Vriva-boiee,  springs,  ifec 739.3 

Supplj-pipea 815. 6 

Accnmulator 8,780.3 

BroDie  cock  for  tbo  accnranlator . .... .. 8.8 

Safelj'valTs,  with  weights oad lavera ..... .... ...........  50.6 

CiK-iroti  diacharge-pipo ... .. ........ .. ......  111.0 

Kitribnting-pipe 115.8 

Rrf-coppor  pipes.. .. .... .  SH.  4 

Bindt,  bolts,  and  miscelUineons  pieces - 154.0 

12,300.0 

JwkB  Md  shottoM 68,150.4 

Tarbineaad  Koard-gate 6,082.0 

Piuuf*,  machinery,  and  pipes 12,200.0' 

Total 75,432.4 

Tlie  whole,  indadiug  the  system  of  coolcs,  was  furnished  and  pnt  in 
lilace  by  contract  at  a  coat  of  $8,600,  (14,000  francs,]  which  makes  the 
MtcoBt  aboat  11.5  cents  per  pound. 

M,  Girard,  and  after  him  M.  Gallon,  had  the  sole  charge  of  supply- 
ing and  erecting  the  machinery,  which  was  constructed  at  the  fuctory 
"i  M&I.  Feray,  at  Essonnes.  All  of  the  exavations  and  of  the  masonry 
WCTe  at  the  cost  of  the  government. 

The  masonry  was  put  in  by  the  contractor  for  tbe  lie  BHil^  dam ; 
tUe  amount  reqaired  was  not  much  greater  than  that  needed  for  any 
other  system  of  dams  ^  and  the  additional  expense  for  the  small  building 
ia  vhich  the  pumps  are  placed  and  for  oontingencies  was  only  $1,160, 
(6,000  francs.) 

^e  total  expense  thus  amoaots  to  $0,7oO,  or  $119  per  ronning  foot, 
indading  masoary. 

SUSOTAET  AMD  COKOLUSIOMa. 

The  Oirard  dam  is  remarkable  for  tbe  rapidity  and  the  ease  with 
"bich  it  can  be  maneuvered^  and  it  is  really  an  interesting  sight  to 
We  the  large  shutters  rise  against  the  current  by  merely  turning  a  cock. 
It  may,  therefore,  be  said  that  the  experiment  just  made  at  tie  Btfil^  is 
])erfecQy  saccessful,  and  that  so  far  everything  has  worked  to  a  charm. 
However,  the  soundness  of  tbe  objections  that  have  been  made,  and 
that  may  yet  be  made,  against  this  system  of  movable  dams  cannot  be 
denied,  in  spite  of  its  success. 

Id  the  first  place,  it  is  very  complicated,  although  there  are  no  very 
delicate  parts.  The  jacks,  the  pumps,  and  the  system  of  cocks  form  an 
eiact-fitting  machine,  (machine  de  prScieion,)  whose  care  will  be  very 
onerooB  and  very  obligatory, 

Fuoling  with  sand  was  apprehended.  This  danger  seems  to  be  ground- 
'^  by  reaeoQ  of  tbe  arrangement  of  the  jacks  and  of  their  slides  on 
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the  down-8tream  slope  of  the  weir,  which  preaerres  them  from  any  per- 
manent coTeringof  sand;  but  this  wouid  probably  not  be  tbe  case  were 
the  system  applied  to  the  passes,  whose  floor  is  at  the  level  of  the  bot- 
tom of  tbe  bed  of  tbe  river. 

The  most  serious  danger  is  from  the  effect  of  frost.  In  fact,  it  is 
necessary  to  remove  all  the  machinery  from  its  retwb  ;  and  for  this  caaee 
all  tbe  jacks  were  placed  below  the  snrface  of  the  lower  pool,  at  the 
risk  of  making  repairs  somewhat  more  difficult.  The  pomps,  the  ac- 
cumulator, and  the  system  of  cocks  are  in  a  very  tight  building,  which 
can  be  heated  during  the  severe  cold  of  winter.  We  can,  therefore, 
hope  that  no  accidents  will  happen ;  bat  the  slightest  carelessness  will 
certainly  cause  great  damage. 

M.  Girard  had  proposed,  in  order  to  gnard  against  this  danger,  to 
use  a  mixture  of  water  and  alcohol,  which  might  1^  kept  in  reserve  in 
the  masonry-cistern,  which  has  since  been  used  for  a  supply  of  pure 
water.  The  dally  consumption  of  water  being  about  27  gallons,  this 
method  could  not  have  been  otherwise  than  very  expensive,  and  it  was 
not  adopted. 

Should  it  happen  that  the  loss  through  the  joints  of  the  jacks,  which 
is  now  scarcely  perceptible,  should  increase  to  such  a  degree  that  a 
shatter  should  fall  down  or  should  become  appreciably  lowered  during 
a  single  night,  would  it  be  possible  to  regulate  the  height  of  tbe  pool 
so  as  to  keep  an  amount  of  water  sufficient  for  the  needs  of  navigation  T 
Here  is  s  point  still  involved  in  doabt,  and  on  which,  up  to  the  present 
time,  there  basbeon  no  chanceof  experimenting.  However,  the  shutters 
can  be  kept  closed,  even  if  there  are  no  leakages,  by  leaving  them  in  com- 
mnnicatioQ  with  the  accamalator;  and,  should  it  be  necessary  to  retain 
them  in  any  intermediate  position  it  could  be  done  by  placing  props 
under  the  piston  cross-head,  resting  their  feet  against  cast-iron  heurters 
fastened  to  tbe  floor.  These  props  and  heurters,  which  are  similar  to 
those  of  the  Ohanoine  wickets,  have  not  been  put  in  place,  but  the  cross- 
head  and  tbe  masonry  have  been  arranged  so  as  to  receive  them,  should 
a  need  for  them  ever  arise. 

Tbe  8  utter- valves,  which  have  been  placed  on  two  of  tbe  large  shut- 
ters, and  which  could  be  easily  applied  to  the  remaining  Hve,  can  be  re- 
lied on  to  regulate  the  height  of  the  pool. 

The  most  serious  objection  that  can  bo  urged  against  this  system  is 
its  extreme  costliness.  Uudoubtedly,  the  net  cost  of  ill9  per  ranniug 
foot  is  much  too  high ;  and,  If  lie  Br&16e  weir  bad  been  more  than  82 
feet  long,  this  price  would  have  been  much  reduced.  The  price  of  11^ 
cents  per  pound  could  also  have  been  reduced,  if  tbe  pumps  and  jacks 
could  have  been  made  by  wholesale.  Finally,  the  strength  of  the  parte, 
and  consequently  their  weight  and  cost,  can  be  diminished  by  a  general 
nse  of  flutter-valves,  or,  better  still,  by  employingM.  Ghanoine's  plan  and 
making  tbe  shutters  movable,  not  above  a  fixed  axis  at  the  lower  edge, 
but  about  the  jourual-boxes  of  a  horse  fastened  to  the  sbotters  near  the 
poiut  of  application  of  the  water-pressure.  But  whatever  course  be 
taken,  we  shall  always  have  a  much  more  complicated  system  than  either 
that  of  Gbanoine  or  of  Poir^e,  and  one  very  much  more  costly : 
The  movable  sUotten  of  tbe  Girard  dam  tmd  tbeir  maotkioery  coet  per  ruaDiae 

fool fll9 

The  masoDrf,  inclndiDg  coffer-dunB  luid  ezoavations,  cMMt  per  ranniDg  foot...,        60 

Total  coat  perrnDDlng  foot 179 

Xow,  the  weirs  of  two  other  dams  bnilt  jnst  below  tie  Br&14e  only  cost 
from  $55  to  $60  per  foot,  all  told.    They  are  formed  of  a  masonry  floor 


of  very  nearly  tbe  same  abape  as  tbat  of  the  Girard  dam,  aDd  limited  in 
lieight  to  6^  feet  below  the  level  of  the  upper  pool.  The  dams  are  formed 
of  a  row  of  needles  supported  by  Foir^  trestles,  and  the  attendants  can 
maneaver  them  by  hand. 

If  the  management  of  these  weirs  is  a  little  more  tronblesome  than 
that  of  tbe  Girard  dam,  the  reanlts  are  none  the  less  satisfactory,  and 
the  dp.pth  of  the  pools  can  be  exactly  regulated,  and  with  perfect  safety. 

Tbe  dams  of  tbe  navigable  passes  constrncted  on  tbe  ChsQoine  sys- 
tem, with  wickets  9  feet  10  inches  high,  seldom  cost  more  than  from  t60 
to  tTo  per  foot. 

To  snm  ap,  the  net  cost  of  tbe  Girard  system  is,  then,  abont  three 
times  that  of  the  other  two  systems  of  movable  dams,  which  have  been 
bailt  on  the  Yonne  at  tbe  same  time  with  it.  In  spite  of  its  complete 
EQCcees,  the  trial  made  at  tie  Brftlto  can  only  be  regarded  as  an  int«r- 
estiDg  experiment,  but  ooe  which,  to  all  appearances,  will  never  be 
repeated  except  in  special  cases. 


IMPROVEMENT  OF  THE  MONOSOAHELA  EIVEE. 

The  work  on  this  river  consists  in  building  s  look  and  dam  at  Hoard's 
Bock,  W.  Va.,  ninety-four  miles  above  Pittsbargh  and  nine  miles  below 
Morgautowu.    Mr.  S.  Fetitdidier,  is  the  assistant  engiceer  in  charge. 

The  contract  for  the  lock  required  that  it  shontd  be  hnisbed  by  Decem- 
ber 1,  1874.  At  this  date  the  right  or  land  wall  whs  about  half  np,  bat 
DothiDg  had  been  done  on  the  left  wall.  The  contractors  applied  for  an 
eitension,  alleging,  among  other  reasons,  that  they  had  been  delayed 
in  tiieir  operations  by  the  illness  of  the  engineer  in  charge.  The  only 
objeetioD  tbat  could  be  urged  against  the  extension  was  slowness,  as  the 
work  done  was  excellent,  and  on  my  recommendation  the  Chief  of 
Bigineers  authorized  an  extension  uutil  December  1,  1875. 

By  the  end  of  the  fiscal  year  the  right  or  land  wall  had  been  finished, 
except  a  part  of  tbe  coping.  Tbe  fonndations  of  the  left  wall  were 
nady  for  tbe  stoue,  of  which  several  courses  had  been  cut. 

Id  this  lock  the  method  of  filling  has  been  changed  from  tbat  indi- 
cated in  the  original  plana.  The  latter  were  drawn  with  a  view  to  filliug 
the  lock  through  thefioorof  the  upper-gate  chamber;  but  when  tlie 
details  were  elaborated,  I  found  so  many  practicable  objections  that  I 
coDclnded  to  try  another  method  which  is  somewhat  more  costly,  but 
nach  more  durable  and  satisfactory.  The  present  plan  is  novel  as  far 
88 1  know,  and  contemplates  building  a  well  in  each  wall  and  connect- 
ing it  with  the  upper  ikkiI  by  a  short  culvert  opening  into  the  gate- 
recess,  and  with  the  lock-chamber  by  a  similar  cnlvert  directly  nnder 
the  upper  culvert  and  opening  into  an  arched  space  7  feet  in  width, 
vhioh  connects  with  the  lock-chamber  by  passing  under  the  miter-wall. 
The  advantages  of  the  change  are  that  the  valve-gear  is  more  simple, 
more  accessible,  and  more  easily  repaired,  and  that  the  wooden  fioor  of 
the  gate-chamber,  which  is  liable  to  constant  leakage  aud  requires  fre- 
quent repairs,  is  entirely  omitted.  Perishable  material  is  replaced  by 
Htone  and  iron,  thus  making  a  much  more  durable  work.  At  the  same 
time  the  lockage  water  enters  the  lock-chamber  with  equal  quietness. 

1  had  a  caretul  comparison  made  of  the  relative  costs  of  wooden  and 
BtoQe  dams,  and  on  my  report  the  Chief  of  Engineers  authorized  the 
bnilding  of  a  stone  dam  by  days'  labor.    Tbe  I'easoos  which  I  nrged  > 
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when  reqaeeting  this  deciaion  were  tbat  eontractorB  Heldom  bave  money 
enoagb  to  puBb  a  work  as  rapidly  aa  neceasarj',  and  that  the  completion 
of  thto  dam  was  a  delicate  operation,  reqaiiing  the  ntmoat  speed,  and 
that  in  addition  there  were  many  operations  aronnd  the  lock,  snch  as 
hanging  the  gates  and  wickets,  building  miter  and  lift  walla,  &c,  that 
required  special  care  and  skill,  and  that  it  would  be  better  to  have  all 
these  operations  progressing  simultaneoaely  under  one  head.  The  eatl- 
matea  show  no  difference  in  coat  between  a  dam  of  wood  and  one  of 
stone.  This  apparent  anomaly  is  due  to  the  smaller  croaa-seutiou  of  the 
stone  dam,  and  also  to  the  ease  with  which  eseelleut  atone  can  be 
obtained  in  the  ueighborbood.  Thus  far  operationa  on  the  dam  have 
been  limited  to  preparing  the  necessary  material  at  the  qnarry.  Work 
commenced  in  May,  and  to  the  cud  of  June  200  cubic  yards  had  been 
quarried. 

If  no  unexpected  contingency  arises,  the  lock  (except  those  parts 
necessarily  postponed  to  await  the  completion  of  the  dam)  will  prob- 
ably be  completed  by  the  end  of  the  ye^r.  The  dam  can  be  flDlshed 
during  187(1,  so  that  the  entire  work  will  probably  be  ready  for  ose  by 
December,  1876.  Ko  farther  appropriation  is  needed  for  this  lock  or 
dam. 

The  lock  and  dam  now  nnder  contract  is  tbe  uintli  of  the  Mononga- 
bela  system,  commencing  at  Pittsburgh.  The  six  lower  dams  are  the 
property  of  the  Monongahela  N^avigation  Company,  and  Nos.  7  and  S 
are  yet  unbuilt.  The  Navigation  Company  are  undoubtedly  bound  by 
law  to  build  So.  7,  and  1  understand  that  they  are  willing  to  do  so. 
As  fully  explained  in  my  previous  reports,  they  could  be  required  to 
build  a  dam  high  enough  to  back  water  up  to  tbe  State  line,  but,  for 
reasons  mentioned  in  my  laat  annual  report,  I  think  it  would  be 
better  for  the  Cnited  States  to  bnild  Ifo.  8,  below  the  month  of  Cheat 
Kiver,  and  to  only  require  the  Navigation  Company  to  put  6  feet  iu  its 
lower  miter  sill. 

Tbe  following  is  the  estimated  cost  of  a  atone  loek  at  Laorel  Rnn, 
about  a  mile  below  tbe  foot  of  Cheat  Kiver  ripple : 

ESTIMATE  FOR  1876-'77. 

Mr.  Petitdidier  made  a  carefhl  examination  in  June  of  this  year  to 
ascertain  tbe  be^t  site  for  the  lock  and  dam  below  the  montl^of  Cheat 
Uiver.  Tbe  most  favorable  site  that  he  could  find  was  about  two  miles 
below  the  month  of  Cheat,  and  just  below  Lanrel  Bun.  The  reason  for 
this  is,  that  a  careful  examinaliou  of  the  bottom  of  the  river  below  Point 
Marion  showed  tbat  the  depth  of  sand  antl  gravel  was  so  great  as  to 
make  it  impracticable  to  build  a  lock  and  dam  except  at  very  great  cost. 
Kock  was  not  found  within  reasonable  distance  of  the  surface  until  he 
arrived  at  Laurel  Kuu,  where  the  average  depth  to  rock  is  5  feet.  Tbe 
stratification  of  this  neighborhood  is  well  known,  aa  it  is  a  amall  oi) 
center,  (Dunkard's  Creek  oil  district,]  and  wells  have  been  sunk  at 
many  places  below  Point  Marion.  Tlie  well-diggera  report  aboat  30 
feet  of  quicksand  over  the  rock.  The  necessity  of  selectiug  Laurel  Bun 
aa  the  place  for  tbe  new  lock  is  therefore  very  apparent. 

The  facilities  for  obtaining  stone  near  Lanrel  Bun  cannot  be  told 
until  quarries  are  opened ;  but  there  is  reason  to  believe  that  it  wilt 
cost  more  than  at  Hoard's  fiocks,  and  therefore  larger  prices  have  been 
used  in  the  estimates. 

The  lock  will  be  of  the  same  size  as  tbat  at  Hoard's  Bocks,  and  tlte 
same  profile  will  l>e  used  for  the  dam.  ^   C^(K>*^^lc 


UXIL  AT  LAnnXL  BUM. 

4,1(17  co)ho  yards,  at  |l I*.  IOC 

1, 2,500  cDbic  yards,  at  1^ 5,000 

I'vuij'iaUriD  ntaMiniy  of  miconrtied  rubble,  2,075  co bio  yards,  at  (T 14,5SS 

UuciiarKdTnbbleHbovefuundatiuQH,  4,183  cubic  yards,  at  96-50 27,183 

Conretd  nibble  (ignarr;   or   rock-faced   miwonrv)  above  fonodatioiiB,  1,197 

cubit  yardis,  ftUlO    11,976 

CaMtone  niMoory,  l,OU0  cubic  yards,  at  (13 34,700 

Funr  nate-leaves ;.  10,000 

WitkrMsud  maimiivoring  maoUioery 3,000 

CMi>-iroTlt  above  and  beloir  lock 8,000 

Total  for  lock  prefer 102,  Me 

Lockke* pur's  bouse -2,000 

ContiogBUcies,  10  per  cent 10,455 

116,000 

HjroDgli  estimate  last  year  for  this  look  was  (110,000.  By  some 
■iatalse  tbis  estimata  was  forwarded  as  an  estimate  for  the  "dam," 
iltliougb  the  preceding  discussion  was  entirely  cooSaed  to  the  "lock." 
On  tbis  point,  tberefore,  my  report  for  18I3-'74  should  be  corrected. 

DAM  AT  LAUBEL  BUN. 

It  ia  not  necessary  at  present  to  hare  a  larger  appropriation  than 
*ill  suffice  for  building  the  lock,  as  it  will  take  two  seasons  to  finish  it, 
■lUmiigb  preparations  for  building  the  dam  should  be  began  when  the 
lock  i»  tialf  clone,  so  as  to  have  everything  on  hand  for  completing  the 
tntire  work  in  the  season  following  tbe  completion  of  the  lock. 

Tbe  reasons  previously  urged  in  favor  of  a  stone  instead  of  a  wooden 
dam  at  Hoard's  Rocks  have  caused  me  to  estimate  only  on  a  stone  dam 
*t  Uard  linn.  Owing  to  tbe  depth  to  wbich  we  must  go  to  reach  rock, 
lliere  will  probably  be  no  material  difference  io  cost  between  the  two 
consinictiouB ;  aud  the  stone  dam  would  be  very  much  tighter,  a  verj- 
'mportaut  consideration  in  this  case,  as  tbe  Up)»er  Monongabela  is 
•ometimes  very  low  in  the  summer  aud  fnll. 

Etiiaiaie  on  dam. 

5»«ti-EXCaT9Mon,  !,W5  cnbio  yards,  at  $1 tl,S4& 

•«k.en»Tatioii,  1,9*6  cubic  yards,  at  |rf 3,890 

Cxfer-duiii,  1,250  faet,  at  |4 5,000 

Ki|itiiptllliu};b<itwtPii«>ff<.'r-daiii  and  dam,  5,000  cubic  yardit,  at  SOcenta...  3,500 

D^storiemasoiirv,  2,140  cubic  yards,  at  (4 B,5e0 

Jluonirsed  nibble  mawury,  1,900  cubic  yards,  at  (6-50 I«,35D 

vnviwd  rabble,  (quarry  or  rock  feoed  niaaoDry,)2,38J<iDbioyanle,atflO...  ti3,lj30 

UuMBrswl  rubbU)  in  abutniBUta,  70il  cubic  yards,  at  t6-&0 4,550 

'-"tHuue  masoury,  for  copiu^,  347  cubic  yards,  at  413 4,511 

A^  W.136 

^wuotceocie*,  lOperouDt fi,86l 

74,000 


if*'',  with]„ct-keopi>r'»hooM 115,000 

""^ 74.000 

Total  for  lock  and  a.<u) 189.000 

^-S  r       ...I.COOJ^IC 
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It  vill  be  observed  tbat'the  estimate  for  the  lock  differa  but  elightlj 
froin  the  rongh  estimate  made  last  seasoo,  and  the  difference  is  less  than 
the  allowance  for  contingencies. 

The  cost  of  the  dam  will  considerahly  exceed  the  cost  of  the  one  at 
Hoard's  Rocks,  becanse  it  is  conBiderHbly  longer,  and  becanse  the  fiicil- 
ities  for  obtaining  stone  are  apparently  not  so  good  at  Laurel  Run.  The 
new  dam  will  be  625  feet  in  Ittiigth,  while  that  at  Hoard's  Rocks  is  only 
400  feet.  After  stone* quarries  are  opened,  I  propose  revising  the  pres- 
ent estimate  and  adding  an  estimate  for  a  wooden  dam,  as  it  may  be 
thought  best  to  build  of  wood  for  the  sake  of  economy.  No  present 
action  in  needed  ou  the  estiuiate  for  the  diim,  and  it  iti  odI;  made  iti 
order  to  give  an  idea  of  the  total  cost  of  the  whole  work. 

I  would  urgently  request  that  the  whole  sum  needed  be  appropriatetl 
at  one  time  for  the  lock  at  Laurel  Hun,  in  order  to  save  the  great  loss 
that  always  ensues  when  contractors  are  changed  on  an  unfinished  work. 
If  this  cannot  be  done,  I  would  suggest  that  I  be  allowed  to  make  a 
conditional  contract  for  the  whole  lock,  dependent  npon  subsequent 
action  of  Congress,  but  not  binding  unless  Congress  makes  an  addi- 
tional appropriation ;  or  else  that  the  appropriations  be  held  back  until 
their  sum  amounts  to  the  sum  required  to  let  a  contract  for  the  entire 
lock.  It  would  be  best  to  build  by  day's  labor  were  it  not  for  the  eight- 
hoar  law. 

Mttandal  ttatement. 

Balanoeio  TreMQ^  of  UDited  States  Jalv  1,  1874 f  103, 000  00 

Amount  Id  hands  of  ofQcoraDilHulijaut  to  biscliuuk  (iDotuding  $403.S4,  per- 

oeDtnjfu  dae  oil  O'lntraats  doC  ;»t  oomplHtad)  July  1,  1874 5.470  73 

Amount  appropriatMl  1);  act  np{i roved  Marob  'i,  1K76 22,000  00 

AmuUDtex|ieiidE(l  during  the  Uiical  yeni  etidin);  June  :!0, 1875 39,lHi  6t 

Amoaiit  available  Jnly  1,  li{7b,  iucludiug  $3,213.78  due  on  contracts 101, 2te  09 

Amount  required  for  the  fiscal  year  eudiug  June  30, 1877 115,000  00 
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WABASH  HIVEE. 

Mr,  F.  Stein  has  been  throughout  the  year  the  assistant  engineer  in 
general  charge  of  the  work  of  improvement  on  this  river. 

At  the  beginning  of  the  fiscal  year,  but  one  contract  was  outstand- 
ing, that  with  Messrs.  Myers  &  Be  Ham,  dated  June  28,  1873,  for  ttie 
improvement  of  the  channel  at  the  Grand  Chain.  More  than  half  the 
work  was  done  in  the  year  1873,  and  it  was  completed  on  the  3d  of 
December,  1874,  the  excavation  during  the  fiscal  year  having  amounted 
to  11,920  cubic  yards,  and  the  total  excavation  to  26,630  cubic  yards. 

The  result  of  this  work  has  been  to  make  a  great  improvement  in  this 
difficult  shoal,  but  experience  has  shown  that  when  the  dikes  are  sub- 
merged, there  is  a  current  across  the  excavated  channel  which  has  in- 
jured the  east  dike.  The  head  of  the  west  dike  also  needs  a  greater  flure 
to  the  west.  As  the  work  was  otdy  completed  last  fall,  there  has  Iweii 
no  opiwrtnnity  since  then  to  examineit  thoroughly  and  to  repair  dffi- 
ciencies.  During  the  season  of  low  water,  I  will  make  a  personal  exam- 
ination, and  endeavor  to  devise  means  to  remedy  these  defects.  In  the 
main  the  work  is  a  substantial  success. 

The  appropriation  act  of  June  23, 1874,  contained  a  clause  authorizing 
the  purchase  of  all  the  jiroperty,  rights,  and  franchises  of  the  Wabash 
KavigatioD  Company.    This  has  been  done,  at  a  cost  of  f  7,000. 
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"So  work  was  doD6  laat  seasoD  except  at  the  Grand  Ohsin,  as  the  act 
of  Jane  23,  1874,  forbade  the  expeaditnre  of  any  portion  of  that  appn>- 
priatJon  aotil  the  rights  and  franchises  of  the  navigation  eompnuy  werd 
eitiogaished.  This  was  not  done  until  so  late  in  the  season  that  it  was 
cousidered  better  to  postpone  making  contracts  until  the  spring  of  187S. 
As  a  rule,  river-work  on  the  Wabash  can  only  he  done  between  June 
utd  December,  and  during  this  period  it  is  often  interrupted. 

Under  the  appropriatiou  act  of  March  3, 1875,  140,000  was  appropri- 
ated for  the  Wabash  River.  With  this  aom,  and  aboat  $10,000  left  over 
[rom  the  preceding  appropriatioD,  the  following  coutracts  were  let  on 
tlie  I'th  of  May,  1875 : 


tt. 

Work. 

, 

' 

During  May  and  June  no  work  coald  be  done  on  the  first  two  con- 
tracts on  accoout  of  high  water,  bat  uu  the  third  work  was  began  on 
the  3d  of  June,  and  goMl  progress  toward  clearing  the  cat-off  of  snags 
ba«  ihns  far  been  made. 

There  is  good  reason  to  expect  that  before  this  report  reaches  Ooo- 
gress  tbe  first  and  third  contracts  will  be  completed,  bat  the  second 
will  probably  require  two  seasons. 

BUKVBTB. 

Daring  the  year  tbe  following  special  sarveys  and  drawings  have 
been  made : 
Grand  Ohain,  showing  condition  after  imprOTemeut. 
From  Mink  Island  to  Williams's  Ferry,  (including  Warwick's  Bipple.) 
From  Williams's  to  Marshall's  Feiry. 
Design  for  dam  across  New  Harmony  Cut-off. 

ESTIUATG   FOE  1876-'77. 

there  are  many  minor  improvements  yet  to  be  made  on  the  Lower 
Wabash,  such  as  wing-dams,  snagging,  and  dredging,  on  which  Mr. 
Stein  has  reported  to  me  in  detail.  But  none  of  these  obstructione  are 
Trry  great,  and  they  are  not  worthy  of  mention  so  long  as  a  very  serious 
obstruction,  affecting  the  commerce  of  the  whole  Wabash  Valley,  re- 
taaiiis  untouche<l.  For  this  reason  I  have  concluded  to  suppress  this 
part  of  Mr.  Stein's  report,  in  order  to  concentrate  everything  on  the 
Sreat  obstacle,  the  Grand  Bapids  dam. 

In  all  of  my  annual  reports  I  have  strongly  urged  that  everything 
Bboald  be  put  on  the  Grand  Rapids  lock  and  dam.  Tbe  only  reason 
*hy  this  hss  not  been  done  hitherto  is  that  the  appropriations  have 
been  too  meager  to  justify  a  contract,  and  the  eight-hour  law  prevented 
me  from  doing  satisfactory  work  by  day's  labor.  I  feel  it  my  duty 
however,  to  reiterate  the  statement  that  one  great  barrier  to  tbe  nav- 
ijAtioD  of  the  Wabash  Uiver  is  the  Grand  Kapids,  and  that  all  others 
are  insignificant,  and  should  be  laid  aside  until  this  one  is  overcome 
Mr.  Stein  writes  as  follows :  "  I  respectfully  report  what  I  have  stated 
if  my  former  reports,  that  while  the  improvement  of  tbe  river  below 
Uoant  Cormel  ia  a  great  benefit  to  the  people  living  near  it,  this  beoeflb 


68 

vill  be  iDoreafied  tenfold  by  tbe  Kotion  of  tbe  new  look  and  dan  at 
Qrasd  Bapids,  by  meaus  of  which  only  it  is  poBsible  to  DavlgaAe  the 
rirer  in  ita  wbole  length  from  its  moutb  op  to  I«  Fayette,  in  Inditua.'' 
I  tberefore  submit  tbe  following 

xsniuTx. 

For  Mbailding  Gmd  Bapidi  look 9130,00e 

Tox  aBgin«eriiig  and  ooDUDgwiaiM  ....................... ...........         15,000 

145, 000 

Finanoial  ttatement. 

Balance  ID TremnTTofUnitedSUtes  July  I,  1874 $40,000  00 

AmdoDt  in  hands  of  officer  and  salijeot  to  bio  cbuck  (includiiiK  (2,647.80, 

percentage  doe  oDDODtractB  not  yet  coiii|jleted)Jn1y  1,  1»74 7,964  05 

Amonnt  approprintiwl  by  aot  approved  Harob  3,  1475 , 40,000  00 

Amonnt  eipendBd  darinK  the  ftacal  year  eliding  Jane  30,  1875 3^067  0£ 

AmountavailablaJuly  ],187o 49,917  03 

Amoaitt  required  for  the  flacal  year  ending  June  30,  1B77 145,000  00 


United  States  Engineer  Office, 

Cincinnati,  Ohio,  January  9,  I87S. 

Genebal:  I  have  tbe  honor  herewith  to  forward  the  report  of  my 
■Bsistant,  Mi.  E.  J.  Carpenter,  on  the  exRminntioii  of  *'tbe  Little  Ka- 
ntiwba  Biver,  below  Bulltowu,"  which  was  ordered  in  the  appropriation 
bill  tor  rivers  and  barbom,  approved  Jnne  23, 1874. 

The  Little  Kanawha  Biver  haa  nlready  been  improved  from  its  moatb 
to  Spring  Creek,  a  distance  of  forty-three  milea,  by  the  conetruutjon  of 
four  locks  and  dauis,  having  the  lifts  of  15  feet  8  inches,  10  feet  2  inobes, 
11  feet  10  inches,  and  12  feet,  respectively ;  making  a  total  lilt  of  49|  feet 
in  this  distance. 

From  tbe  head  of  the  present  slack-wat«r  to  Bulltown  the  distance  is 
eighty-seven  and  three-quarters  miles,  and  the  rise  is  151^  feet ;  there- 
fore, to  continue  the  present  system  or  improvement,  giving  4  feet  at 
Bulltown,  would  require  twelve  more  locks  and  dams,  with  an  average 
lift  of  12  feet  7  inches. 

Mr.  Carpenter  was  infwmed  that  the  cost  of  tbe  upper  lock  and  dam 
of  the  existing  improvement  was  (40,01)0,  and  on  this  information  be 
based  his  estimate  of  $480,0(K>  for  completing  tbe  improvement  to  Ball- 
town,  which  sum,  however,  he  considers  "  very  low  for  flrst-claea  work." 
Ur.  Carpenter  may  have  been  misinformed  as  to  the  cost  of  lock  snd 
dam  No.  4 ;  at  any  rate,  I  am  satisfied  that  the  amount  named  la  insnf- 
dcient  to  secare  first-class  work,  and  none  other  is  worth  constroction. 
Inferior  work  is  not  specially  objectionable  when  used  above  water, 
where  it  is  always  fnlly  under  the  eye  of  those  responsible  for  iu  safety, 
but  in  subaqueous  work  it  is  folly  to  oonstrnot  anything  that  is  not 
strictly  the  best  possible.  The  severest  strains  on  submerged  oonetrnc- 
tioDs  come  at  a  time  when  tliey  are  invisible,  and  when  it  is  impossible 
to  detect  the  weaknesses  that  might  easily  be  strengthened  if  they  were 
irerceived,  but  which,  by  neglect,  become  entirely  aacontrollable.  So 
many  oases  of  the  destruotion  of  river  locks  and  dams,  doe  eatirel; 
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to  mistskeR  eoonomy  in  ilrst  cost,  bave  come  ander  my  notice,  that'  I 
feetboond  to  enter  my  protest  ugainstsnch  work  by  making  nfy  ownestf- 
mtes  ftaljy  np  to  wbat  est>ertenue  ehoffs  that  they  should  be,  if  the 
works  ate  expected  to  be  permanent. 

The  existing  locks  on  the  Little  Kanawha  are  143  Teet  by  23,  with  an 
jrerage  lift  of  12  feet  6  inches.  As  it  would  hardly  be  worth  while  to 
mafae  the  locks  above  Bpring  Creek  larger  than  those  already  built  be- 
\ow  it,  we  are  thus  in  a  measare  compelled  to  accept  these  dimenBions 
hf  an  npward  extension  of  the  slack-water  system.  As  the  examination 
of  the  Little  Kanawha  was  greatly  hniried  by  lack  of  funds,  it  was  im- 
possible to  make  definite  locations  of  locks  and  dams,  and,  therefore,  the 
character  of  fosadation  must  be  assumed  iu  the  estimate. 

Mr.  Carpenter  re;)ortB  that  he  believes  the  river-bed  to  be  nnderiain 
t^  rock  at  but  a  slight  depth,  and,  therefore,  I  will  assume  rock-founda- 
litHia.  Wherever  rock  cannot  be  found  at  reasonable  depth,  the  work 
will  be  iueceaaed  in  ooet. 


£mI;  143  »y  S3  »y  IBl  fM  H/1 

Eicivalion  for  fonndation .. .... .... . ...  (6,000 

781  cubic  yards  cnt-atoDe  muonrj,  ftt  $12 >.  9,373 

Wi-X  cubic  yards  qnarry-fuce  niaaoury,  »t(B . . 4.210 

1^ cubic  yards rubblonmaonry,  at  |0 ii,3S!t 

Four  ^atee  with  auchorugeB,  at  tl.OOO 4,000 

Moiable  timber-dam  at  bead  of  tciuk,  (for  nse  in  case  of  accident  to  the  gatM)..  100 

Wicket*  aadcnlTSta  In  wall  fw  fllling  and  emptyiUf; 1,400 

Crilt-woik  ftbove  and  briow  toeki 1,000 

TotaJ 37,434 

^tinj^encieB, about  7  percent 2,566 

Total  for  lock 40,0BC 

Wooden  <rit-<£»t,  300 /wt  toag. 

K,VO  Mbic  feet  timber,  at  SG  cents |7,667 

IMDpoonds  spikes,  at  6  cents 1,128 

Kocli^icBvatJon  for  fonndatio* 1.800 

MwoDry  abutment 8,800 

Cofftr-dara 3,000 

Bipnp  filliog  for  cribs,  3,000  cubic  yards,  at  |1 3,000 

Total 20,496 

CoDtingRDcIee,  aboot  71  percent 1,605 

Total  for  one  dam 23,000 

BUMHARY. 

One  masonry  loek — WO,  000 

One  wooden  BCib  dam Sa,000 

Odb  lock  and  dam 62,000 

Tir»lTe  locks  and  dams  will  therefore  cost 744,000 

II  will  probably  be  necessary  to  bnild  lock-keepers'  liouBes  at  eack  dam. 

Que  of  tbtse  will  ooet  ftbont  |1,200.    We  muat  therefore  add — 
T>«li>«  loek-keepers' hoasea,  at  |1,U00 14,4M 

Total 768, 40t 

This  is  approximately  the  cost  of  thia  Improvement  on  the  snpposl- 
tioD  of  rock-foDDdations  ior  locks  and  dams.  Gates  that  would  last 
NawBftbly  well  coolil  be  bailt  for  lefs  money  than  $1,000  apiec^  inelnd- 
hf  anctiarftgie ;  bnt  the  aavltig  in  total  cost  would  be  alight,  and  1  think  ; 
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that  it  would  be  jadicions  to  incar  a  greater  first  cost,  and  thog  secure 
more  lastiDg  and  more  satisfactory  work. 

The  cost  of  wickets  and  cnlverta  for  filling  and  emptying  tbe  lock  has 
been  made  a  separate  item,  because  it  is  contrary  to  the  best  practice 
to  put  wickets  in  tbe  gates  themselves,  both  on  acconnt  of  tbe  weaken- 
ing of  the  gates  and  on  accoant  of  the  dangerous  Jet  which  is  caused 
b;  tbe  flow  from  the  wickets  waen  tbe  upper  gates  are  placed  on  a  lift- 
wM.  This  jet  can  be  avoided  by  making  the  upper  gates  as  deep  an 
the  lower  ones,  so  that  the  flow  into  tbe  chamber  may  take  place  uuder 
water.  But  this  adds  greatly  to  tbe  weight  of  the  gates  and  to  the 
pressure  supported  by  them,  and  makes  it  more  difficult  to  prevent 
stones,  gravel,  and  pieces  of  wood  from  getting  into  the  head-bay  and 
interfering  with  the  necessary  maneuvers.  It  is  much  better  to  fill 
large  river -locks  through  culverts  in  the  wiills,  and  to  empty  them  by 
direct  discharge  iuto  the  river  through  culverts  iu  the  river-walls.  This 
method  of  emptying  does  away  with  the  violent  discharge  into  the  tail- 
bay,  which  makes  it  difficult  for  boats  to  approach  the  foot  of  the  locks, 
while,  by  retaining  two  valves  in  the  lower  gates,  a  sufficient  flow  is  pre- 
served to  prevent  the  choking  of  the  lower  entrance  to  the  locks  by  tbe 
formation  of  deposits. 

The  estimatea  given  must  be  largely  increased  if  rock  foundations  can- 
not be  found  at  slight  depth. 

For  a  statement  of  the  probable  commerce  on  thia  impovement,  I 
must  refer  to  Mr.  Carpentei^s  description  of  the  country. 

Should  the  cost  of  extending  the  existing  slack-water  system  be  con- 
sidered too  great,  it  might  be  considered  proper  to  appropriate  a  small 
sam  for  tbe  removal  of  the  Beaver  Bocks  and  the  rock  in  Nailor  Bend, 
and  for  clearing  out  the  snags  and  fallen  trees.  For  this  work  I  would 
estimate  as  follows : 

Removal  of  Beaver  and  Nailor  Bond  Bocks : 

Five  bnodred  and  fift;  yards  rock-excavation  at|4 (2,200  DC 

Three  montba'  snagging,  at  11,700  per  month &,  100  01 

7  300  09 

This  sum  could  be  judiciously  expended  in  any  event. 
One  map  and  one  profile  accompany  this  report. 
Respectfully  submitted. 

Wm.  E.  Mbbrill, 
MtQor  o/ Bngineers. 
Brig.  Geu.  A.  A.  Huhphbbys, 

Chief  of  Engineers,  U.  S.  A. 


rxport  of  ur.  k.  j.  carpbntbr,  abetstaht  rnoimekr. 

Unitkd  Statbs  Enoinkbr  Okhcb, 

dHoiintati,  Ohio,  Dtcembtr  31, 1874, 

Coixiimi. :  I  bave  the  honor  to  anbmlt  tbe  following  report  of  the  sarvej  of  the  LittI* 
Kanawha  RIver,froni  Bulltoirn  to  Farkersbtirg,  assigned  to  me  by  yonr  orders  August 
*1,  l&ii. 

A  sorver  of  the  river  was  made  in  lesH  by  Mr.  C.Crozet,tbeii  engineer  of  the  Virginia 
boanl  of  public  works.  I  have  succeeded  in  getting  a  tmciog  ortbe  map  made  A^m 
this  survey,  aud  a  copy  of  it  BCcumpauies  this  report.  As  the  Little  Kanawha  Naviga- 
tion Company  had  run  a  line  of  levels  from  Parkeraborg  to  Nettle  Bon,  I  proceeded  to 
tbe  latter  point  and  coutinned  it  to  Bnlllown. 

The  annexed  table  of  sboals,  elevations,  &.a.j  and  tbe  accompanying  profile  of  th« 
river,  are  from  these  notes,    Tbe  distances  are  in  part  from  Mr.  Crozet's  map. 

The  Little  Kanawba  River  is  formed  by  the  conflnenoe  of  what  are  oalied  the  Bigbt 
Mid  Left  Forks  of  the  Little  Kanawba,  in  the  eaatem  part  of  Braxton  County,  Wert 
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TirtiDift.    Its  haadwatora  are  very  ne>r  tboBe  o 

bolhof  wbicb  are  tribataries  of  l;be  Honougaliela,  aud  also  ueai  tboaeof  £tk  £tver,aB 
iinjMrlanC  branch  of  the  Great  Kanairba. 

IM  general  conree  is  northwest,  tbroneh  Braxton,  Gilmer,  Calhona,  Wirt,  and  Wood 
CMntint,  to  the  Ohio  River  at  Parhersburg.  In  tba  ireatern  part  of  GitiDet  County 
ItrDoisonth  of  west  for  about  twelve  miles.  The  river  is  very  oroolced  and  full  of 
iiarf  taniB,  esjiecialty  in  Calhoun  and  Wirt  Countiea,  irheTe,  in  a  direct  dietance  of 
(irenEj-fotir  miles,  the  river  maketi  fittj-tbree.       • 

With  it«  tribnCaries,  the  Little  Sanawha  drains  Wood,  Wirt,  Ktchie,  and  Qilmor 
Cmntiegj  the  greater  part  of  Calhoun,  Boaiie,  and  Braibin,  and  poitions  of  Lewis, 
Ujuhnr,  and  DuddridKe,  an  area  of  about  three  thousand  two  hnndred  square  miles. 

The  conntrj  through  which  tbe  river  ruus  is  extremely  rough,  with  hilla  the  eutira, 
Itogtb  of  it. 

AbnTe  Burning  Springs  tbe  river-bottoms  are  seliliim  more  than  a  few  hundred  feet 
iji  width,  and  tbe  conatty  is  very  thinly  settleil,  Bolow  tbis  point,  in  Wood  County, 
IhE bottom-lands  are  somenbat  wider,  and  the  oonntrjisaa  th i old y  settled  as  any 
tlher  part  of  the  State,  Farkersburgb,  with  a  popnlation  of  5,546  in  18T1),  being  in 
mtr  tb«  second  city  in  the  State. 

Eliiabetb  and  Burning Sprinfcs,  in  Wirt  County,  Grantavilte,  in  Calhoun,  Glenville, 
h  Gilmur,  and  Lumberiiort,  in  Bialtoa,  are  the  only  tovQH  ou  the  river.  They  have 
frumune  to  two  huudccd  inhabitants  each,  and  serve  as  distributiug-iHiiuta  fur  snp- 
plio  to  the  Burriinnding  country,  luest  of  them  having  several  stores.  Klizabetb, 
QTinlBville,  and  Gleuvilju  are  coaoiy-sests. 

This  part  of  West  Virginia  is  covered  with  aUne growth  of  poplar,  oak,  ash,  walnat, 
ud  chestnut  timber,  except  along  tbe  river  and  its  large  tribntarics,  where  it  has  been 
(Dlsway  as  far  npas  LuiuberporE.  A.t  present  there  is  a  ver;  extensive  trade  iu  bar- 
ttl-«!ivfs  from  Elimbelh  to  Glenville.  In  the  vicinity  of  Burning  Springs  alone  there 
vereibout  five  millions  of  staves  collected  awaiting  tbeconipleCiuu  of  the  locks  below 
fbrnbipment  to  ParkeisburKb,  and  theuce  to  Aurora,  Iiid. 

nie  said,  however,  tbat  tbe  trade  in  staves  is  rapidly  diminisbing,  as  the  kind  of 
timber  required  (perfectly  clear,  straight-grained  oak)  is  becoming  suotob  on  the  river 
Uii  nn  the  large  creeks. 

Vtry  little  lumber  is  mannfactared  for  exportation,  except  at  EUsabetb,  twenty-six 
■likstrom  Parkersburg.  and  at  Luinberport,  one  hundred  aod  tweoty-two  miles.  At 
tbe  Utter  place  Messrs.  Byrnes  Brothers  <&  Hoffman  have  very  large  saw-mills,  and 
tut  iDnnally  about  two  million  feet  of  lumbir  of  various  kinds,  Tbis  lumber  is 
■liippeil  to  Farkersborgh,  being  floated  down  in  flat-boats.  Besides  tamberand  staves, 
|>ieeiparts  of  this  part  of  tbe  State  amount  to  very  little.  Grain  is  raised,  but  only 
'"  qomtitiea  sufficient  for  home  consumption,  and  as  tbe  country  is  so  rough,  it  will 
F'^iably  never  produce  more  than  can  be  disposed  of  by  the  people  themselves. 

^'■nme  points  there  is  good  grazing-laud,  and  the  production  of  nool  and  cattle  is 
{""illy  abont  equal  to  tbe  demand  fur  tbem. 

^t  'niltown  there  were  quite  extensive  salt  works,  but  no  salt  has  been  produced 
s>T  fai,(,f  £ve  years.  Coa^  is  found  in  tbe  hills  all  along  the  river  from  Burning 
Bptin^p^  but,  except  between  Glenville  aud  Luinberport,  tlie  seams  are  only  ftom  U 
lu20iiH,eB  [^  thickness,  and  do  not  furnish  a  very  good  quality  of  coal. 

At  Boring  Springs  several  banks  in  the  20-incb  seam  are  worko<1,  but  only  the  high 
price  rece'ed  fur  tbe  coal,  eighteen  cents  per  bushel  at  tbe  bank,  Justifies  working  ft 
Kun  of  Ih,  thickness. 

At  LyQcU  saw-mill,  three  miles  above  Glenville,  a  seam  of  coal  from  5  to  7  feet  In 
uickucsB  Hilars  at  an  elevation  of  about  SO  feet  above  tbe  river-bed.  It  dips  to  the 
■onihuBSt,  dltoptarinjj  below  the  river-bed  and  re-appearing  at  aboot  three  miles  below 
Lnmberport,  Vgre  it  is  worked,  the  openings  being  about  ISO  feet  above  tbe  rivet.  It 
rnDnont  of  tbem^  ^^.tu  a  few  miles  farther  on. 

At  Stoats  mil.j^  is  said  that  several  ytars  ago,  when  the  mill-dam  broke  daring  a 
n*^,  the  water  cn.hn,„g[,  tbe  atone  river-bottom  and  washed  out  a  quantity  of  ooal. 
ThB  miua  at  Lyn^  gaw-mill  has  heeu  worked  for  more  Ihan  twenty  years,  though 
not  ijatematically-^t  l,aa  ^  smnotb,  hard  roof,  and  floor  of  slate,  and  tbe  coal  U  re- 
BDved  by  blasting.  ,jjg  ^^^  j^  j^;^  ^^^^  ^^^^^  p^.  fr„n,  three  to  four  hundred  bnnh- 
(U  per  day.  He  lote  ghipping  tbe  coal  as  far  down  the  rivtr  as  Elizabeth.  Atlhia 
bsnk  coal  loaded  '"I'-^jg  ^^  ^j;,  ^^^  g  ^^^^^  ^^^^  busbrl.  4t  the  bank  above  Stoat's 
nulla  the  price  IS  ■H':*,  per  bushel  at  the  mouth  of  themiue.  Most  of  tbe  coal  from 
Uiie  place  is  hauled  to  l-Vberport. 

The  rivar  IS  so  '!?|''™  Tid  duriag  high  water,  the  only  time  when  coal  conldbe 
shippfd,  has  so  switl  a  c%t  tliat  it  is  alroost  imiiossible  for  large  boats  loaded  with 
tosl  to  get  around  the  ireq,  ^  ^^  without  going  ashore,  or  becoming  entan- 
gl«i  among  tbe  "<?«  ""f  ^^Vs  tba?  cover  the  banks  to  it  low-wat«r  line.     '^ 

ior  this  reason  I  «°  ""^t  that  this  coal  can  ever  be  Ukeo  to  market  at  rates 
that  will  permit  it  to  conip««j^ti,  that  on  tbe  Big  Sandy  and  Great  Kiuikwha  EivMi^ 
»lthoughU  1*  or  excellent  qut.  e„ii/mined.  (.\kwIc 
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8ome  je&ra  Bgo  a  conipanj  attempted  to  mine  this  coal,  bnt  tbe  IoMe«  in  tiamport^- 
tlon  bj  the  rlvei  were  so  great  that  tbey  were  ol)llged  to  atnp. 

The  Little  Kanawha  Navigation  Company  hnve  built  four  locks  nntl  dams,  makliif; 
slack  water  not  less  than  fonr  feet  at  low  water,  from  ParkershDrgli  to  Spring  Creek,  m 
dislance  of  forty-tliree  miles.  The  work  waa  cummencod  about  1H67,  and  ciini|il«t«d 
earl;  In  the  present  month.  Tbe  oliject  of  tbe  improvement  ori|[iiia]ly  wdB  to  lurDJith 
transportation  to  ParkerBbnrg  fur  the  conl-nil  that  was  then  prndnced  in  grciit  qn:ui> 
titieN  at  Burning  Springs.  The  woft  wns  delayed  for  vorioua  reaftouR,  and  nuw  tha 
wellfl  bave  stepped  flowing.  Tbe  prieeof  oil  has  declined  Bnniucb  that  it  does  not  pay 
to  pump  tbe  welb,  and  very  little  oil  is  now  prodaced.  Tbe  company  expuct,  hon-' 
—  r,  that  the  tolls  on  raft«  and  mann^tnred  lumber  will  pay  a  fiur  intensst  on  thiir 


All  of  the  lochs  and  dams  seem  to  l>e  very  Bubstantiallj  built.  The  lock-chamben 
ttre  143  feet  long  and  2n  foot  wide.  The  dams  consist  of  cribs  10  (bet  lung,  built  t>r 
sawed  oak  timliers  12  inches  square,  and  well  bolted  tOKOther.  They  are  llllad  witb 
broken  stone,  and  protected  ou  tbe  upper  side  by  a  doable  row  of  shout-pi liug. 

Three  of  the  dams  are  bntlt  with  four  stops  on  the  lower  side,  ho  arranged  as  to 
break  the  fall  of  the  water  and  prevent  undonnining. 

The  dams  are  42  fi^et  wide  on  tbe  base,  and  are  well  aneboreil  to  the  river-tiottom, 
which  tn  almost  every  case  is  of  solid  rock  for  nearly  the  full  width  of  the  liver.  All 
tbe  stone  for  the  work  was  taken  from  the  river-banks,  and  in  only  one  case  had  to  bn 
transported  more  than  a  few  hundred  yards. 

Tbe  fall  of  tbe  river  from  Bulli»wn  to  LeadincCreok,  a  distance  of  about  thirty  miles, 
tB3.4dfeet  per  mile.    From  Leading  Creek  to  Spring  Creek,  flt>.y-eigbt  miles,  it  is  L35 


feet  per  mifo,  and  from  Spring  Creek  to  Parkershnrg,  forty-tbree  niil«H,  it  is  1.16  feet 

per  mile.    From  Bnlltown  to  Spriuij  Creek,  the  head  oTti    '  -'-■-  " '   " 

tlon.  the  fall  is  147.64  feet,  or  1.69  feet  per  mile. 


I  do  not  think  that  it  woold  he  advisable  to  build  dams  on  this  port  of  tbe  river 
bigber  than  tbey  are  beluw,  for,  although  the  river  bas  loss  oscillation,  the  banks  ara 
not  BO  high,  and  the  bottom-lands  might  be  in  gr^atpr  danger  of  overflow. 

Twelve  locks  and  dams,  with  »o  average  lift  of  Vi.6  tr-et,  would  therefore  be  reqnlred 
to  give  a  mininmai  depth  of  4  feet  of  wai.er  for  this  distance. 

The  cost  of  the  lour  locks  and  dams  bnilt  by  tbe  LitHe  Kanawha  NavigMion  Com- 
pany is  aald  to  be  about  (210,000.  The  cost  of  the  locks  above  nroiild  prob^ihly  aver- 
age abont  the  same  as  lock  No.  4  of  the  present  system.  As  the  dams  wiinld  huve  lem 
length,  their  cost  would  pro l)ably  be  somewhat  less.  Taking  the  cost  of  Inch  and  dam 
No.  4  as  a  basis,  I  eatimnte  tbe  total  cast  of  the  Improvement  at  |480,000,  or  an  average 
of  flO,000  for  each  of  the  twelve. 

I  consider  this  estimate  very  low  for  first-class  work. 

Tbe  bottom  of  the  river  is  usually  of  sand  or  gmvel,  with  large  bowlders.  The  nXl- 
gation  company  found  rock  bottom  for  all  of  their  dams  except  one;  and,  althouiilitbe 
rock  does  not  ordinarily  appear  on  the  npper  river,  I  am  of  opiiiiun  that  tbe  sim*1  *>r 
gravel  covering  is  usually  of  slight  depth. 

Below  Yellow  Creek  tbe  bottom-lauds  are  seldom  less  than  35  feet  above  tboViver- 
bed.    Alravo  this  place  tbey  are  from  6  to  10  feet  lower. 

Back-wal«r  from  the  Ohio  River  has  beun  known  tu  extend  as  far  up  as  Jnrning 
Springs.  At  this  place  tbe  Little  Kanawha  has  a  range  of  37  feet  betweeuJ<Kii  and 
low  water. 

At  Bice's  Ripple  I  found  the  high-water  mark  of  16o2  to  be  38  feet  aboveA^  water, 
and  that  of  several  rises  in  the  spring  of  the  present  year  was  'i'.i}  feet.  M^  De  Kalb 
the  mark  of  the  flood  of  1853  was  36  £el  al>ove  low  water,  and  ordinary  if^a  leacb  M 

At  Lumberport  the  marks  of  several  rises  last  spring  showed  a  height ''  13  feet ;  and 
the  higheel  mark  that  I  was  able  to  Dnd  showed  a  rise  of  !M  feet. 

From  the  profile  it  will  be  seen  that  any  radical  improvement  of  tb"'"^'' ""'*''  than 
by  locks  and  dams  is  impossil>le.  Rock  bottom  at  various  places  j^veolB  dredging  : 
and,  in  any  event,  the  great  fall  of  tbe  river  above  Spring  Creek,  !*  the  very  limited 
snpnly  of  water  during  four  or  five  months  of  tbe  year,  make  it  JlpoMihlo  to  ai-cum- 
pljsb  any  good  by  this  method,  or  to  obtain  more  water  thau  thi^ '"  *t  present  oh  the 
ripples.  HaFts  and  heavy  flat-boats  seldom  ran  on  lesa  than  8  jf^  <>'  water,  fmm  4  to 
6  feet  more  than  their  dranaht;  for  the  swift  current  renders  »'l''P<«9'ble  to  keep  the 
channelclosely  going  round  the  numerous  bends.  At  this  h*^  there  is  no  danger 
from  snags,  nor  from  the  rocks  that  ordinarily  cover  tbe  ■#|il>>»-  At  Naiior's  Bend, 
bowever,  there  is  a  very  dangerous  rock  standmg  B  feet  ^j?"  ''"  water,  and  so  mt- 
nated  that  it  seems  almost  impossible  for  a  raft-  to  pass  ■*>'>iit  going  over  it,  as  in 
fact  tbey  osually  do.  This  rock  was  formerly  several  fe*  higher,  but  was  out  down 
by  blasting.     Its  base  is  about  12  by  IS  feet. 

Beaver  Eocks,  a  short  distance  below,  extend  9  feotl'!''T^  ^°^  water,  and  50  feet 

'       ■  ~  )veraoare8  0f35lf*'*?«'-, 

e  ol  various  dep*  a^d  belo*  ^r^^lj^.thar 
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nnge  from  6  to  20  f«et  in  depth  at  low  wnter.    From  Grantevilla  to  Lumberport  ths 
dsplh  on  tbe  pools  ia  Midnm  more  thftB  4  f«et  gT««(«r  lima  on  the  ripples. 
From  Iinuberport  to  Bulltows  tbe  river  ia  litUe  more  tbaii  a  auuceseioa  of  email 

ilr.  Junes  UcAithur,  enpnoerof  ttie  navigftlioo  com  pan  j,  found  thesuppljof  nftter 
«t  Burning  Springs  to  bn  sufflijient  for  Cliiriy  lockasen  pur  day  durtuK  extreme  low 

1  made  a  few  roni;h  fCBaj^inga  with  tbe  fbliowlnf;  results :  At  Bull  Rirer  Shoals  tbs 
iow  was  I2.5tJ  cubic  ftwc  per  second,  or  water  suffluieiit  fur  uboat  tirenty-one  lockaces, 
alloinng  for  leakage  about  S5  per  omt.  of  the  wbolii  amoiiiit.    At  Hii;it'a  Bar  tbe  now 
WW  6.7U  oabio  feet  per  second,  enongb  for  oiuetAen  locbi^M. 
Very  respeettully,  your  obedient  servant, 

E.  J.  Carpkntbi. 
CoL  W-  E.  MBHiiru, 

Viiittd  Males  Engiaeert. 


'e  Kanaaha  Biver,  Wat  Pirginia. 
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nunNiTIOK  OF   GUTANDOTTE   RIVEE,   BELOW   LOGAN   COURT-HOUSE 
iND  TWELVE-POLE  RIVER,  BELOW   WAYNE  COURT-HOUSE,  WEST  VIE 

omu. 

Ukited  States  Enqinerb  Oppicb, 

Cincinnati,  Ohio,  January  12,  1875. 

Gbsbbax;  I  have  the  honor  herewith  to  forward  the  reports  of  the 
nanioatioQ  of  the  Gayandotte  and  Twelve-Pole  Rivers,  ordered  in  the 
tut  appropriation  act  for  rivers  and  harbors,  approved  June  23, 1874. 

As  tbe  earns  allotted  for  these  aarveye  were  very  small,  I  endeavored 
to  pat  them  in  charge  of  some  one  who  was  already  familiar  with  the 
emotry.  I  fortonately  foand  at  Cabell  Coort-Hoiise,  (Barbonrsville,) 
on  the  Gnyaodotte,  Mr.  Arthur  L.  Cox,  who  had  already  partially  aor- 
'eyed  the  valley  of  tbe  Gnyandotte  River  in  the  interests  of  a  railroad. 
He  DDdertook  both  examinations,  and  his  reports  are  hereto  aunesed. 
GUTANDOTTE  EIVEE. 

Tbe  distance  over  which  the  sorvey  extended,  from  its  mouth  to  Logan 
('cDrt-Honse,  is  eighty-one  and  a  half  miles.  In  this  distance  the  fall  is 
1^7j  feet,  or  at  the  average  rate  of  about  22  inches  per  mile.  Mr.  Cox 
msiders  the  miuimom  discharge  as  20  cubic  feet  per  second.  The 
urrenie  oscillatioo  of  the  stream  is  30  feet. 

Tbis  river  was  once  improved  at  the  expense  of  the  State  of  Virginia, 
«S  tbe  constmction  of  six  locks  and  dams.  Five  of  them  have  been 
vubed  away,  (foar  wholly  and  one  partly,)  and  the  sixth  is  the  greatest 
obstruction  now  to  be  fonnd  on  the  river.  This  is  one  of  tbe  many  illus- 
tratioDs  to  bo  found  in  tbe  United  States  of  the  total  destruction  of  ose- 
'ol  hydraulic  works,  either  by  the  decay  of  the  perishable  materials  used 
lu  coDstrnction  or  by  radical  defects  in  the  pUna  of  the  engineers,  who 
V ere  employed  because  their  services  could  be  obtained  at  low  rates. 
1  hftve  personally  examined  the  relics  of  the  lock  and  dam  yet  remaiu- 
%.  near  the  mouth  of  Mad  River,  and  conclude  that  in  this  case  tbe 
ont'iiieDtioDed  cause  undoubtedly  operated,  and  probably  the  second 


76 

Should  an  improved  navigation  be  made  on  the  GnyandottR,  it  will 
be  cbiefly  nseful  in  tranaportiug  to  the  Oliio  River  the  mineral  wealth, 
which  IB  abundant  in  that  portion  of  West  Virginia,  as  the  country  ia 
too  brokeu  to  support  a  large  farming  or  Htook-raisiag  population.  For 
many  years  the  timber-product  wilt  also  be  large. 

Mr.  Cox  concludes  bis  report  by  recommending  that  the  draught  on 
the  miter-sills  of  the  locks  should  be  increased  to  7|  feet,  in  onler  to 
give  an  outlet  tbrconl-boats.  whiuh  draw,  when  loaded,  about  7^  feet.  I 
do  not  think  that  this  extra  ex[>onditnre  would  be  Judicious,  as  the 
greater  proportion  of  the  coal  now  transported  on  the  Ohio  is  carried  in 
barges  u  hich  only  draw  6  feet.  A  eoal-boat  ia  about  160  feet  long  and 
26  feet  wide,  while  a  barge  is  130  feet  by  24  or  25.  The  latter  is  about 
as  large  a  craft  as  could  be  cooveuieutly  managed  on  so  narrow  and 
erooked  a  river  as  the  Uuyaudotte,  even  if  it  were  slackwatered. 

Ou  the  Monnngahela  It  is  considered  sufficient  to  have  4  feet  on  the 
miter-silts  at  dead  tow  water,  because  coal  barges  only  run  when  titer* 
is  a  good  boating-stage  in  tlie  Ohio,  and  at  such  a  time  the  Monongahels 
also  is  almost  invariably  at  a  good  stage,  and  gives  at  least  2  feel  more 
over  the  initer-aills. 

For  these  resBuns  I  would  not,  in  this  preliminary  and  necessarily 
approximnte  estimate,  calculate  ou  more  than  4  feet  on  the  miter-silte. 

The  question  of  the  allowance  to  be  made  for  foundations  cannot  be 
satisfactorily  answered  with  the  information  at  present  available,  bnt, 
by  making  as  accurate  an  approximate  estimate  as  our  present  knowl- 
edge will  permit,  Congress  can  form  a  geueral  idea  of  the  eost  of  the 
work,  and  will  therefore  be  able  to  decide  whether  it  is  worth  while  to 
make  a  detailed  survey,  with  exact  locatious  for  locks  and  daaia,  and 
exact  estimates. 

Mr.  Cox  recommends  locks  160  feet  in  length  and  60  feet  in  breadth. 
He  says  that  lock  No.  1  must  rest  on  a  pile-foundation,  and  that  at  the 
other  locations  "  an  excavation  of  from  10  to  IS  feet  will  donbtleas 
reach  a  solid  stratam  of  sandstone."  If  stone  cannot  be  found  at  a  less 
depth  than  15  feet,  it  will  be  more  economical  to  build  on  piles.  I  will, 
therefore,  asenme  a  pile-foundation  ityr  nil  of  the  locks.  Should  bed- 
rock be  aubsequeutly  found  at  any  selected  site  within  economical  reach 
of  masonry,  the  estimates  that  follow  will  necessarily  be  reduced.  Tim 
number  of  locks  required  to  reach  Logan  Cuurt-Hoase^  with  an  averagQ 
lift  of  Infect  to  a  lock,  will  be  15.  Ou  the  profile  sites  have  beeachosea 
for  17  locks  with  varyinglifts;  but,  as  the  sites  are  Only  approximate, 
and  may  be  changed  on  a  more  careful  exiimiiiation,  I  have  thought  it 
better  fbr  the  parposee  of  the  present  report  to  Mtimate  o»  a  uniform 
lift  of  about  10  feet 


MaMontg-UKi  im  hg  60  bg  V)  fitt  J^ 

Eartfa-exoBvation  of  banks  and  bottom 9^,000 

HumDrj'-foandatlona  ami  lock- floor,  1,264  ciiblo  janla,  at  (6 7,704 

3,HD0cnbio  yards  of  rubble-maHotiT;,  Bt|6 16,900 

WDoDlilo  yards  quarry -face  maaonry,  atfH 9,8-4 

900  ciiliio  yard*  ciit-Rtooe  maaonry,  at  f IV 10,  H» 

Fonr  gatM.  at  |3,l)00 14,000 

Wickets  and  culverts  furfillinf[  and  eiiipty<iif( 90S 

Temporary  dam  fur  head  of  Inck 300 

Crib-work  at  upper  aod  )«wereadsof  look * 1,0W 

64,384 

CftntiDfeoclea  and  ei>g:ineerlng,  atkont  10  petoent 6.618 

Total  for  OOB  lort f^ j.  fl,e«0 


b'yGoOglfe 
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WaoOm  trU-iaM  300  fiU  bnf ,  10 /m  Hfl. 

Coffer-dBin |3,000 

EiacMiun— 1,000  cubio  yarda,  at  70  o«uta 700 

».UKIcal]teftiiilof  tlmb«T,&t  25  oonta 8,300 


15.JW  piiBudB  spikea,  M  6  Mtiita 
1,363  cubio  yards  riprap  for  elli 


riprap  for  Blliug,  »t  $1 2,363 

""n™,u. r. 3.000 

lWpilc)VaCtl5 1,600 

IOOiheMpi)M,at«3 l.«00 

Siriiigen,  300  cubic  feet,  M  30  cent* W 

SO,  665 

CmtingenoieB  knd  eDgioeering,  9  pei  eeot 1,835 

tatftlforoBe  dam 33,300 


ftie  nMonry-losk 971,000 

On.  (rib-work  d»B 28,500 

Uek.knoper'B  bouae , *      1,200 

94,700 

Fifteen  locks  rdcI  ^ttms  will,  therefore,  cost  about  $1,420,500. 

If  Ibis  sum  should  appear  too  great  for  the  benefits  to  be  derived,  1 
tbink  it  might  be  judicious  to  sp<;Qd  some  small  sum  in  removing  ob- 
■tnictioDS  of  various  Uiiula,  particular);  tbe  relics  of  the  destroyed  slack- 
■ater  system.  1  have  uo  information  at  band  to  enable  me  to  make  an 
nactestimateof  tbe  sum  needed,  bat  I  shonld  think  that  $10,000  might 
Ik  expended  to  advantage. 

TWELYEPOLE  BITBB. 

,  This  stream  is  more  generally  known  as  Ttrelve-Pole  Greek,  and  is  of 
iiKousidenible  magnitude.  The  distance  from  its  mouth  to  Wayne 
Coun-Housu  is  thirty-ooe  and  a  half  miles  by  river,  and  fourteen  in  an 
lir-line.  The  fall  in  this  distance  is  79  feet,  or  at  an  average  rate  of  25 
inches  per  mile. 

Xbe  minimum  discbarge  of  Twelve-Pole  is  2.1  cubic  feet  per  second, 
*qtiautit;  altogether  insutUcient  for  maintaining  a  oontinnous  naviga- 
tion. If  such  a  navigation  vere  desired,  it  would  evidently  be  neces- 
»[T  to  construct  reservoirs  at  suitable  points  in  the  bills. 

Tbe  country  along  this  stream  is  poorly  adapted  to  agriculture,  and 
*ill  {(Tobably  fnniish  no  farm-products  for  exportation  except  fruit. 
There  are  iron  deposits  below  Wayne  Court  House,  but,  as  far  as  now 
kuovQ,  they  are  inconsiderable  in  amount.  CJoal  is  abundant  above 
Wayue  CourMlouse,  but  to  reacb  il  at  all  would  require  an  estensioB 
of  toy  improvement  to  a  jwint  four  miles  above  the  limits  of  the  pres- 
ent survey.  One  or  two  additiooa!  dams  would  be  required  to  make  the 
tiver  available  for  coal-transport. 

ESTUU.TB. 

To  reach  Wayne  Court-Honse  with  looks  of  10  feet  lift  will  require 
^gUt  locks  and  dams.  ,  The  foundations  are  ao  nearly  like  those  on  the 
6eyandott«  that  the  same  estimates,  with  a  slight  redaction  for  tbe 
dimiDntioo  in  length  of  tbe  dam,  will  answer  for  both. 

ODiMMoorylock.  IWbyflOby  lOfeetlift $71,000 

*«crib-woriid»iB,  lOO  feet  long 0,000 

Owkwper'elioaM 1,000 

(^Wca^dMD B1,000 

Bko«k«Mkdd*aa 648.000 
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To  reach  the  coal-fieldn  prohably  two  more  dams  will  be  reqaired, 
making  a  total  oost  of  (810,000. 

The  cost  of  the  reservoir  that  would  be  reqaired  to  keep  up  naviga- 
tioQ  during  the  low-water  months  cannot  now  be  determined  for  lack  of 
data. 

Mr.  Cox  conclades  his  report  aa  follows : 

la  oonolaeion,  I  cap  see  do  preeeot  or  proepeetire  neoeautf  fi>i  the  exMntaoa  of  tUi 
work,  nor  do  1  think  it  practicable. 

I  agree  with  faim  that  there  seems  to  be  no  present  necessity  for  at> 
tempting  to  establish  afack-water  on  Twelve-Pole. 
1  It  might  be  advisable  to  appropriate  some  small  sam,  say  95,000,  for 
removing  the  obstructions  in  this  stream.  The  worst  obstrnctious. 
however,  seem  to  be  mill-dams,  which  probably  have  obtained  such  legal 
rights  that  they  uould  not  be  disturbed  witboat  preliminary  process  of 
law.  Whether  the  Government  coald  get  them  away  without  payment 
of  damages  I  am  unable  to  state. 

A  map  and  a  profile  of  each  river  accompany  this  report. 

Kespeclfully  submitted. 

Wm.  E.  MSBBnx, 
Major  o/ Unffineers. 

Brig.  Oen.  A.  A.  Huhphbets, 

Chief  of  Engineer;  U.  8.  A. 


BXPOKTS  or  MR.  A.  L.  COX,  ASSISTANT  ■NOINUX. 
1.— GHiHmdo((«  BiDer,  Wttt  Virgiiiia. 

Thia  riTer  rises  in  th«  Gamberland  rBD^e  of  DtonntBiDB,  ftnd  fiowinf;  in  *  DOrthweaterIf 
direction,  through  tbeoouDtit-e  of  Wyoniiog,  LnjiaD,  Lincoln,  And  Cal>ell,  emptitw  iato 
the  Ohio  River  at  the  town  of  Qnyandotte,  UabeTl  County,  one  hundred  and  Blxtj-foui 
miles  above  CiDoionati,  Ohio.  This  survey  extended  from  the  month  of  the  river  to 
L^HD  Court-House. 

The  valley  of  Che  Gnyandotte  RWer  is  caased  by  the  erosion  of  the  rocky  atrAta  pe- 
onliar  to  the  true  biluminnna  coal-measnres.  It  gradnatly  beoomei  DMTOwer,  and  the 
hillH  increase  in  height  as  we  ascend  the  atreaTO,  the  vertical  height  of  the  hills  at  La- 
gan Cnurt-Hunae  being  1,250  feet  above  low-water  mark  of  the  river.  There  are  no 
table-taodB  in  all  tie  Goyandotte  Valley,  the  vsrioua  tribotaries  and  branohes  of  trib- 
DtarieH  to  the  river  having  each  to  itself  a  similar  valley  of  erosioa.  Thui,  all  th* 
region  of  ooontry  drained  by  this  river  la  out  into  valleys  divided  by  sharp  ridgea,  an^ 

SroLiably  oue-fourtb  of  the  aarface  of  the  valley  above  the  level  of  the  wstec-coursM 
as  been  worn  away. 

From  the  month  of  Mod  River  to  a  point,  aay,  forty  miles  above  Logan  Coart-HouM 
the  Qnyandotte  River  receives  no  tributary  which  contributes  anything  to  the  volurot 
of  tbe  river  except  in  a  rainy  aeaaon.  Tbia  ia  a  marked  peonliarity  of  the  phyaioal 
featnres  of  the  atreaoi  j  and  it  Ihaa  resalta  that  in  the  dry  aeaiton  tbe  volume  of  water 
at  Logan  Court-Housu  fully  equala,  if  not  exceeds,  that  witbiu  a  few  mites  of  the 

Tbe  scenery  ia,  indeed,  noble,  and  in  full  aatnmnal  tints  the  long  sffeep  of  foreat- 
oloil  nionntoin  pieaeuts  to  the  traveler's  eye  an  ever-varying  pioture  of  snrpassiug 

From  the  mouth  of  the  river  to  tlie  falls  the  river-bed  i^  a  oontinnona  deoltvity  with 
a  SHudy  bottom.  AlKive  the  falls  we  have  alternate  pools  and  shoals,  the  latter  of 
small  irregularly-shaped  sandstone.  The  river-bed  varies  in  width  from  SSiO  to  350 
feet,  with  alluvial  banks  ttoui  40  t«  60  feet  in  height,  to  the  level  of  the  bottom-lands. 
Tbe  banks  are  of  sand  and  clayey  earth,  and  where  stripped  of  forest-troee  and  shrub* 
aie  easily  destroyed— worn  away  by  Ihe  action  of  the  river-floods.  They  may  safely 
be  declined  excwedingiy  unstable.  In  many  places  the  bottom -I  amis  are  filled  wittk 
craw-flnh  that  have  "honey -combed"  the  territory  from  the  river-side  to  the  base  of  the 
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pkint  to  MoertalD  the  miDimam  volame  of  wmter  discharged  by  this  rirer.  From  Sep- 
teiDb«r20  to  Nuvemlier  12  of  Miii  year  tbere  was  bat  a  alif;iit  ralo-fall  in  this  por- 
tjm  of  tbe  Stale.  A  crow-section  of  the  river  oa  tba  16tb  of  October  gave  a  flov  ot 
IICLS  tabic  feel  per  eecood.  Anutber  compatetioa,  baaed  apou  obserratious  of  the  river 
SoTotiber  IS,  1874,  guva  a  fluir  of  30  cubic  feet  per  aecond. 

1  thick  ire  may  oafel;  coticlnde  that  (he  discharge  of  this  river  will  never  fall  be- 
1 — cm  —  i^Q  f^(  pg^  second,  wbile  for  tbe  moeC  part  of  Mia  thrao  dry  months  tha  ri 


villrietd  a  volonteof  40  feet  per  secood,  aad  probably  for  nine  months  of  the  year  the 
nrplj  nil]  reach  from  ISO  to  170  feet  pel  second. 

TTiB  vertical  rise  of  tbe  riser  is  very  great.  The  beat  mBaanrement  obtained  was  at 
fi<«ere's  Hill.  Tbe  weir  Is  300  feet  in  leogtb,  with  6  feet  vortical  height,  and  a  ahoal 
vith  several  feet  fall  below ;  and  tbe  vertical  rise — the  depth  of  the  flood  uf  water — 
belsees  25  and  30  fuet.  Tbis  is  tbe  extreme  flood  of  the  river ;  hat  wbeu  tbe  lands  of 
Uie  Talley  eball  be  meaaarably  oleanxl  of  forest-trees  we  may  reasonably  predict  that 
(be changed  condition  of  the  water-shed  will  raise  tbe  high-water  mark  of  the  floods 
fivm  15  to  SO  feat  beyond  the  point  which  tbey  at  preseot  reach.  Nearly  all  tha  rirer- 
buka  are  lined  with  forest-trees,  great  nambers  of  which  lean  out  over  the  river,  aod 
■bold  be  caretnlly  cnt  away,  so  that  in  removing  tbe  obstractioDS  uo  great  damage 
wooid  resnlt  to  the  banks,  to  wbiob  tbey  are  a  great  protection. 

Tbe  principal  obstractiooB  l«  tbe  present  navigation  of  the  river  are  the  remaiaa,  six 
in  DDDiber,  of  an  old  aysieni  of  locks  and  danis,  which  were  coustmeted  some  eighteen 
jnnago.  Bnt  one  of  these,  Kogeis's  Hill,  yetstands,  and  it  is  a  very  serious  obstractioo. 
At  Ibis  place  all  boaU  are  unloaded,  and  a  portage  is  made;  it  ought  to  be  removed. 
Tie  other  locks  and  dams  have  been  torn  away  by  the  action  of  the  floods,  until,  with 
nae  eicHition,  tbey  are  out  of  the  way.  Dain  No.  2  of  the  old  sysleia,  near  tbe 
nwntbof  Mud  River,  yet  remains  in  part.  It  shoold  be  removed.  Tbe  little  mill-daioa 
■limg  the  river  are  generally  built  at  tbe  top  of  the  steeper  shoals,  and  are  from  one  to 
Umfeet  in  height.  Tbey  are  provided  with  a  navigable  pass.  A  portion  of  tbe  dam 
ia  movabla,  and  this  taken  out,  floods  all  the  shoal,  and  really  Improves  the  navigalioa 
■•It present  need. 

Tbe  pre«ent  navigation  of  tbe  river  eervee  to  float  out  Into  tbe  Ohio  Rirer  small 
nib  of  timber  on  tbe  floods,  and  also  to  carr^  up  stream  all  the  merobaodiso  and  man- 
■betnred  articles  osed  in  the  coaatry  bordenng  npon  tbe  river.  A  slow  and  somewhat 
Mioni  method  of  transportation  is  carried  on  by  means  of  "  paah-boats  " — a  kind  of 
■u-boat,  of  from  50  to  80  feet  in  length  and  7  feet  in  width.  That  portion  of  the  river 
from  the  moath  to  tbe  falls,  thirty  miles,  contains  tbe  chief  obstacles  to  b^  overcome 
bjtbcae  boats.  At  all  times  of  low  water,  tbevolumnof  water  is  spread  over  the  rivel- 
nd  into  uamerous  cbanaols,  that  do  not  aBTord  a  sufBciont  depth  for  even  this  class  of 
Ixats,  unleaa  they  are  very  lighly  laden.  Above  the  falls  the  pools  of  water  are  from 
}  tsSD  feet  deep,  aod  present  no  diffioalt  navigation  to  those  boats.  The  shoals  are 
■npnived  by  ebntes  constructed  by  the  boatmen.  Thuy  have  removed  the  stones  and 
"I  fttaffM  a  little  exceeding  tbe  width  of  their  boats,  thus  oontrocting  the  water- 
H«  over  Uie  sboals.  Tbe  removal  of  old  look  and  dam  No.  2,  and  also  of  Rogers's  miU- 
'•B,  would  materially  improve  the  present  navigation  of  tbe  rivar,  as  also  would  the 
tinighteaing  of  tbe  chutes  over  some  of  the  shoals.  The  shallow  water  in  the  flrst 
thirtj  milee  of  tbe  river,  and  also  over  all  tbo  sboals,  materially  restricts  its  use,  and 
cffNtaally  bars  a  more  extenHlve  system  uf  transportation.  The  only  practicable 
'Betbod  of  Improving  tbe  navigation  wonld  seem  to  be  by  a  tborougbty-constructed  sys- 
Im  of  locks  and  dams. 

I  bave  indtcated  upon  tbe  map  and  proflle  those  points  which  seem,  from  snperScial 
obtmvsljou,  to  be  best  adapted  to  withstand  the  shocks  of  tbe  enonuous  floods  to 
vbieh  tbey  will  he  subjected.  Here  thorough  and  oareful  ohservatioua  are  aecesaory 
>'<'')n  determining  their  locations  definitely.    The  irregularity  of  the  list  is  to  be  re- 


*t  the  next  dam,  tbe  falls;  so  also  might  boihh  other  irrtwularitiesoi .  _-_ 

iMsd,  but  I  bave  thought  those  points  which  promised  the  greatest  degree  of  stability 
^sld  be  chosen;  that  the  irregularity  of  tha  lift  would  prove  m  lighter  evil  than 
ndly-taken  sitnalions  for  dam  and  lock  sites. 

It  is  recommended  that  the  locks  be  built  160  feet  in  length  and  60  feet  in  breadth. 
■hi*  will  accommodate  two  barges,  or  a  tow-boat  and  barge. 

I  sLw  recommend  that  there  be,  as  indicated  on  the  prohle,  four  feet  of  water  on  the 
inter-sill.  This  depth  may  be  Iricreased  as  the  water  falta  in  the  early  summer-season 
«JM  jadioioua  use  of  boards,  looeety  fastened  upon  tbe  tops  of  tha  dams,  thus  increasing 
nth  depth  and  supply  of  water,  say  18  or  20  inches,  abova  the  natural  levels  of  the 
una. 

Tbe  Brst  dam  and  lock  will,  as  seen  upon  map  and  profile,  stand  upon  the  bank  oi 
w«Ohio  Blver.  Tbis  will  require  pile-foandations,  which  should  be  extended  along 
^  axis  of  the  river  several  hundred  teet.  The  lower  side  should  be  thoroughly  pro- 
jKWdfron  the  "back  laab"  of  the  floods,  and  what  the  north weatem  lumbermea  call 

flngeis"  might  here  be  need  to  »  good  puxpoaa,    I  would  anggeat  at  this  point  k  aa- 


iMratrnctiire  of  cat  f^ee-atone.  AH  the  remaiDing  loohH  and  dams  may,  uid  shonld,  be 
DoUt  of  saodstone,  nf  wliicli  tliere  is  an  ample  supply  all  along  tbe  river-Talley.  An 
eicavatluu  of  from  10  to  IS  Atet  nill  dualjtloaa  reach  a  anlid  stratam  of  BaudsUiDO  at 
tbe  other  poinU  degiguated  for  their  Iiicatiuu.  ThU  opJuinD  is  ha«ed  upon  tbe  results 
of  tbe  eiaiuinations  made  in  the  Great  Kanawha  Valley  durlujf  the  pteaent  (lUJi)  sea- 
son. Tbe  siiuilitude  uf  tbe  two  VHlleys,  their  dIubo  pmximit;,  and  the  identity  o( 
their  stratification,  point  to  the  above  cuuoloHion.  It  would  also  be  well  that  tbe  liver- 
bauks  be  largely  *1d<;lieil  at  lock  and  dam  No.  I.  The  spoee  between  tbe  fi>at-hills  of 
tbe  Ohio  River  Valley  and  tbe  nionib  of  tbeGnyandotte,  ;],M0  Tuet,  would  thus  be  pro- 
many  overflow  from  the  erection  of  this  dam. 
obeincreaeed  by  tbii  lenctheniii)[of  tbe  wui: 


[loGnyaL 
tected  from  any  overflow  from  the  ereotion  of  this  dam.    The  stability  af  tbe  itructare 
iTonld  also  be  increaeed  by  tbii  lenctheniii)[of  tbe  wuir.    At  all  otber  polnla  wberA 
locks  and  dams  are  boilt,  the  river  sliould  also  be  videued,  so  that  it  aball  clearly  fall 


I  the  rnle  that  "  the  rpotangte  of  tbe  weir  sbatl  exceed  that  of  the  river-baoks 
kbuve."  Tbis  widening,  too,  throws  tbe  lovk-wall,  tbe  lock,  and  both  abntnients  out 
<tf  the  aotion  of  the  cnrront,  and  its  accompany  log  aocamulation  uf  drift-wood  iaoident 
to  tbe  floods  of  the  rt\'er. 

Tbe  Quyaodotte  Biver  Valley  is  bnt  ill-adapted  to  farming  pnTposes,  and,  except 
fruits,  I  tbink  will  never  fnmiiih  agricnltnral  products  which  would,  to  any  great  ex- 
tAnti  seek  a  market  over  the  proposeil  sluck-watur  navigation.  There  is  soTnetbiug  dona 
at  present  iu  tbe  way  of  raising  utock,  and  this  Jiidiigtry  wonlit  prohulily  increase. 
Timber  and  logs  axe  Uie  ouly  product  of  the  valley  exported  to  any  very  great  extent, 
ttnd  this  is,  US  yet,  in  its  infancy.  Jamea  Neigbbeut,  esq.,  of  Lugaii  Coart-House,  eati- 
mates  tbe  aDoiul  product  at  |3U0,OCO.  Prof.  James  Bacbman,  of  England,  says  of  this 
Tdlley,  "As  a  Uitsuist,  I  was  UBtouiBhed  at  the  niagniQcence  of  the  t'oreM.  Tbeie  ar« 
Talnable  timber-trees,  not  scattered  singly  but  covering  all  the  country-side." 

Prof.  Jobn  L<icke  says  :  "Although  the  formation  is.  in  general,  sandstone,  yet  from 
tbe  abnn dance  of  the  di:cainpoaiug  shale  the  soil  is  rather  clayey  than  aaody.    Tbe    ' 
forests,  although  tbey  conlniii  a  preponderance  of  oak,  have  a  good  share  of  treee  such 
BB  sngar-niaple,  bickory,  blach-WHliinl,  linden-tree,  magnolia,  nnd  tulip  poplar." 

The  valuable  woods  nre  oaki,  Qaercia  alba,  Q.  rubra,  Q.  pincloria,  Q.  cattaiua,  poplar 
or  tulip  tree;  the  hiokorien,  Car^a  aulcala,  C,  alba,  C.  ionuiioia,  chetitnat,  beecb,  elm, 
and  maple.  Of  these,  hut  the  wbile-oak,  poplar,  and  black-nalnnt  are  sent  away  to 
market,  bnt  all  varietieit  are  being  destroyed  by  clearing  tar  farms. 

Tbe  mauufaotui'e  of  wooden  wares  of  all  kinds  would  spring  np  all  along  an  tmproved 
novigation,  and  tbns  tnni  to  am  umob  valnakle  timber  now lieing  yearly  du«troyed. 

Th<iuiaa  Thornburg,  euq.,  of  Cabell  Cunrt-Hnuiw,  for  many  years  a  merchant  npon 
this  river,  Fsliniatea  ibe  yearly  exports  of  all  kinds  from  the  valley  at  (400,1X10. 

I  have  collected  tbe  nuiiiber  of  Ions  wbiuh  yearly  go  np  the  river  from  wharf-boat 
and  river-men,  and  npon  their  estiiiiutea  1  place  the  fl);ureK  at  300. 

From  Upper  Two  Mile  to  Logan  Court-Huuae  there  are  cniitiuuous  veins  of  bitumi- 
Dons  coal  uf  good  workable  depth  above  water.  The  niilnble  veins  opened  are  a  vein 
of  from  4  to  5  fret  in  thickness,  in  which  there  is  some  shale;  a  vein  of  6  feet  in  tbick- 
nes8,  which  is  very  free  from  dirt;  aud  a  third  vein.fnmi  0  to  ICl  feet  thick,  with  a  vein 
of  shale  in  the  center  of  a  thickness  varying  from  1  to  3  feet.  Above  Nine-mile  Creek 
are  veins  of  cnnnel-coal  from  S  to5feet  thick.  I  duiibc  If  tbe  cannel-caal  strataoan  he 
relied  npon  as  continnons j  they  may  int«rchan;:B  with  the  other  varieties,  or  they  may 
"pocket."  Their  extent^  however,  is  cousidnrable,  one  vein  showing  along  the  hill-sida 
in  Big  UkIj  Creek  for  eighteen  miles  so  often  u»  to  lead  to  the  couviction  that  it  is 
contiuuons  for  that  distance. 

Probably  one-fonnb  of  the  coal-veins  are  worn  away  by  erosion  of  tbe  valleya.  oa 
heretofore  stated,  and  from  the  frontage  along  tbe  rtver-valley,  for  a  distance  of  say 
•evenly  miles,  much  of  tbe  ooal  con  t>B  run  down  inclined  planes,  and  dumped  directly 
into  couMiarges. 

There  exinis  fairlv  Credible  testimony  that  veins  of  coal  exist  below  the  water-lerel. 
In  ima  an  effort  was  made  at  Mill  Creek,  half  a  mtio  above  the  falls,  to  obtain  oil  by 
meanH  of  boring;  thix  iliscloied  tbe  fttct  that  cool  existed  iu  various  strata  of  diffeient- 
aixed  Teins  to  a  depth  riceeding  (iOO  feet- 
It  is  BUegeBted,  witli  the  greatest  iliGBilence,  that  there  exists  near  or  not  far  below 
tbe  niiiaili  of  Foui-niile  Creek  a  tnunuclinal  axis,  niiero  tbe  Dorthwestern  dip  is  largely 
iDcreosed ;  also,  tbHt  at  or  near  the  mouth  oF  Big  U^ly  Creek  there  ex  lata  an  ontiolTnu 
axis,  which  makes  the  strata  boriz<>ntul,Drgive8a  suiitbpaBtdipasfuraa  Logan  Cuurt- 
Huuse.  Tbis  bypotbesis  will  account  for  the  appearance  aud  disappearance  of  the  larga 
and  upper  vein  uf  coal. 

A  second  well  was  bored  for  oil  at  Brown's  Trace  Creek,  twenty-three  and  a  balf 
miles  Ironi  the  month  of  the  river.  Its  depth  is  nearly  t.31)0  feet,  but  no  record  of  tbe 
euccrseive  sira  till  out  ion  nossed  tbrungh  can  be  found.  At  tbe  above  depth  a  vein  of 
salt  water  was  struck,  nliicb  discharged  tbe  full  sise  of  the  tabe  with  violence.  It 
has  been  partly  plugged,  but  still  flows  a  large  quantity  uf  salt  water.  It  is  stated 
that  tills  well  Hows  a  uit  aratcdwiutioa  of  obloride  of  sodium ;  a  statement  tbe  aooorkcy 
of  nbicb  I  have  do  means  of  testing. 
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SodatUDr  "kiilney"  iroD-cre  is  foand  scattflred  overall  the  vftUe j,  uid  occaaionitllj' 
Ib  place,  much  of  which  woaM  probably  be  mined  and  shipped  out  to  the  Ohio  RJvec 
vere  this  stream  improved ;  bat  I  thiok  that  lar^  depodCa  vrill  hftve  to  be  fonnd  to 
jostif;  the  erection  of  blaat-fDinacee  depeuding  Dpoo  the  local  aapnlj.  It  would  be 
IDite  in  place  that  an  ore  of  iroo  sioiilat  to  the  celebrated  Scotch  black-bond  ore  shontd 
be  fonnd  in  tLia  valley. 

The  tbree  months  of  the  year  which  would  afford  a  scant  Bopply  of  wat«r  for  the 
locka  night  readily  be  tided  over  by  the  coostmction  of  a  reaervoir  could  a  suitable 
InraliOD  be  found.    This  examination  did  not  extend  to  cover  this  point. 

The  QDdetermined  amount  of  excavatiou  at  each  look  and  dain,  extent  of  the  wing- 
nalla,  aod  price  per  cubioyord  of  dimension  and  rubble  stone  at  each  location,  render 
uyapptoximate  eetimate  of  the  cost  of  the  work  impossible:  but  the  nearness  of  the 
fudHoDe  cliffs,  and  the  character  of  the  soil  of  the  bottom -lauds,  would  point  furly 
td  1  low  price  of  conalmetion. 

Tile  enormous  quantity  of  coal  in  the  hills  fronting  the  river,  and  the  ease  with  wbicfa 
itcu  be  loaded  in  barges,  the  probable  manufacturing  of  woods  and  wooden  ware,  the 
imdnctitHi  of  salt,  and  carriage  of  iron-ores,  aa  well  as  the  vnst  increase  of  merchao- 
lUiing  which  wonld  follow  this  improvement,  all  seem  to  indicate  that  the  Deceaaary 
intiij  wonid  be  remnnerative  and  the  work  entirely  successful. 

I  think  t^is  improvement  ought  to  contemplate  the  carriage  of  eucU  coal  aud  iron 

—   !._  ..__j   ^^^  Mississippi  Eiver  below  Cairo  at  the  preaent  time. 

;  1,0  mj  information,  bargee  of  150  feet  io  length,  2-'>  feet 
n  order  to  conform  to  thiR  rate,  the  depth  of  water  npon 


'■p;^  as  can  be  used  upon  the  Mis 
Iliii  would  require,  accoruii 

Ikui,  and  71  feet  draught.    

Uwmiter-aille  of  the  proposed  looks  a „ 

'( ftst,  and  the  worlu  etrengtbened  accordingly. 

Gunanihat  Rirtr. 


the  Gayandotte  River  should  be  J 
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3— nmlra  Foh-Bbetr,  Wett  Virginia. 


OntprdinuBkrynnrej  of  the  Twelve-Pole  Eiver  benn  at  Ita  month,  a  abort  diafauiM 
aboTe  Cwedo,  in  Wayoe  County,  West  Virginia,  and  three  miles  eaat  of  the  Kentnekf 
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AacewXiiij;  the  river,  ve  fiud  It  floWH  In  ■  (ortnouB  conrse  through  (be  bott«ia-lftDil* 
of  the  Oliio  Biver  for  uearly  three  miles.  Then,  turaiofc  to  lbs  wmthetat,  ItentM*  Ch« 
valle;  proper  of  the  Twelve  Pole.  Thi*  valley  Is  kmtow  and  eiceediaglf  craoked,  the 
diatMloe  over  which  the  snivey  eiteaded  lo  Wa^oe  Coort-HoDse  beinif,  b;  the  wind- 
inga  of  the  river,  thlrtynMiB  and  ooe-half  miles,  while  in  a  Hgbt  liae  fiolu  it*  lUMlt)l  to 
Wayne  Court-Houae  thu  dlatanoa  la  but  little  more  tttaa  fourl«en  miles. 

The  river  divides  into  two  braochat  a  nbort  diatanoe  aouth  of  Wayne  Court- Hobm. 
the  diBohaTKe  of  water  fbom  each  fork  IwriiiK  nearly  eqnal.  I  did  not  HMMure  the  aepa- 
rate  Aow  of  these  brftnchea,  bat  sBtlnataa  it  from  the  appeiuMiee  of  the  strwrnw  of 

The  ooarae  (aay  south  !n°  east)  from  Uie  mMth  of  Twel  re  Pole  to  Wayne  Coart-HoDM. 
oontioued  some  fifteen  miles,  brioKs  as  to  ahiKbridge,  stTetohing  {torn  the  Oaraadotte 
Sfver  on  the  east,  to  the  Tiig  Fork  of  the  Big  Sandy  River  oo  the  we«t,  and  on  tite 
north  side  of  tliia  ridge  both  forka  of  the  Twelve  Pole  Uud  their  aoarMa,  whlufa  ate  hut 
a  few  miles  apart. 

The  bettom-Uoda  «f  the  Twelve-Pole  Valley  are  Barrow,  and  are  iMMUtded  ott  oitber 
hand  by  a  raoKe  of  steep  hilli,  oaeaaiooally  broken  by  the  tribntary  atMains  of  Iht 


These  bills  oonttnuslly  inerease  in  height  m  we  aaoeod  the  rivat,  atid  they, 
together  vrith  the  l>attam4anda,  are  largely  eoveied  with  forast-lreea. 
The  river-bed  Is  from  &i  to  l'&  feet  in  width,  with  altnvial  banks  of  20  b>  30  feet  in 


height  to  a  level  with  the  land^  of  t^e  valley.  The  width  at  the  top  of  the  bank* 
varies  from  150  to  360  feet.  The  river  flows  over  a  bed  of  aaod,  with  an  ooeaaiODal  shoal 
of  aandstiOne,  A.t  two  pointa,  however,  the  Fallg  of  the  Twelve  Pole  and  at  Wayne 
Conrt-Honee,  (P.  Workman's  mill.)  the  river  breaks  tiirongh  a  solid  stratnm  of  sand- 
stone, and  bulh  of  its  banka  are  of  the  same  stable  material.  The  river-bed  and  banks 
of  tbnt  part  which  flows  through  the  low-lyiog  lande  of  the  Obio  River  are  approxi- 
mately of  tbe  same  dimenBions  as  those  given  above.  The  river  banks  are  of  sand  and 
clayey  earth,  and  apparently  of  unstable  oharactur,  except  where  proteoted  by  the 
growth  of  the  willow  and  various  forest  trees.  They  are  also  HUed  with  craw-fish, 
and  to  what  distance  these  drift  from  the  water  I  am  unable  to  say,  Init  thia  point 
should  be  carefully  determined  at  each  location  of  a  lock  and  dam. 

The  total  fall  of  tbe  river  from  Wayno  Couri- House  to  its  month  is  7S.11  feet. 

There  are  only  two  pools  of  any  length :  the  first  above  Thorp's  mill-dam,  and  Ibc 
second  that  above  tbe  falls  of  Twelve  Pole.  Elsewhere  the  water  is  shallow  and  the 
declivity  continuous. 

The  three  in  iU-danis— Thorp's,  ACkina's,  auilWorkmaii'M — present  obstructions  to  the 
preaeut  use  of  the  river,  that  of  doating  suiall  rafts  of  timber  into  tbe  Ohio.  I  «m 
informed,  however,  that  they  presented  uo  very  great  difficulty  when  the  proper  stage 
of  water  wascbosen  iidoo  which  lo  float  out  tboje  rartH.  AH  tbe  river-banka  are  lined 
with  forest-trees,  wbioo  are  carefully  conserved  fur  the  stability  they  iuipMt.  Those 
only  that  are  leaiiing  can  be  ot^jeoted  to,  aa  tbey  would  greatly  endanger  steMm-towi, 
provided  the  navigatioii  of  the  river  oonld  be  rendered  pormoneDt.  A  Joditdoaa  cut- 
ting away  of  llnilM  and  cutting  some  of  these  trees  would  do  away  wiUi  this  iticon- 
vemonce,  and  not  invit«  the  present  destrnctioo  of  the  river-banks.  The  removal 
of  the  miU^ame  and  leaning  trees  would  donbtless  facilitate  tbe  rnnniog  of  tltaber- 
floats  out  of  the  river,  bat  1  do  not  think  that  these  removals  would  in  anj:  way  tend 
to  promote  navigatioQ  from  the  month  up  itream.  This  opinion  is  baaed  Bpoa,  first, 
the  total  fail  for  the  length  of  tbe  river ;  and,  second,  fur  a  reason  thai  l»eooaiea  appar- 
eot  as  we  proceed  with  the  consideration  of  this  anhject.  Therefore,  the  only  im- 
provement that  I  eoald  recommend,  giving  even  an  apocryphal  promise  of  satta&etoty 
reenlts,  would  be  by  neaos  of  alack-water  nsvigatioD. 

I  have  iadleated  npon  the  map  and  profile  such  poiuts  a«  neem  to  pt«Mat  strong 
uatDtalpoeitiouBfbr  locksaDddams.  Careful  exsmioutionB,  with  boring,  oan  alone  de- 
t«raiitie  tf  tbeaa  are  really  well  takeu,  and  also  the  foundations  which  it  were  better 
to  adopt  in  each  case. 

The  flrat  three  dama  ataod  in  tbe  alluvial  lands  of  the  Ohio  Hiver.  These  will  re- 
quire pile-fonndatlons.  I  have  made  the  lift  H  feet.  Thlit  is  very  bigb,  when  we  oon- 
■ider  tne  unstable  nature  of  tbe  Laoks,  and  tbe  wauderiug  habits  of  the  oraw-Osh, 
which  will  render  even  the  ponnaneacy  of  a  low  lift  very  problematical  at  these  points. 
llie  remaining  locks  and  dams  can  probabiy  nil  be  placed  npon  tock-foaodatioDS  by 
excavations  of  from  8  to  13  feet.  I  would  recommend  that  the  saperstraotare  of  the 
first  three,  and  all  the  remsinlng  locks  and  dams,  be  of  aandslone,  of  wbiob  there  is 
great  abundance  all  along  the  valley. 

Tbe  river  should  generally  be  widened  at  tbe  points  where  the  locks  and  dams  are 
located,  until  the  rectnogle  of  the  weir  considerably  exceeds  that  of  the  river-bod  and 
banks.  An  oblique  weir  would  hardly  be  admissible  between  so  narrow  river-banks, 
with  such  great  vertical  rise,  and  the  plan  of  wideuing  the  river  should  throw  thv 
locks,  lock-walls,  and  lioth  abutments  quite  out  of  tbe  current,  and  away  from  the 
drift-wood.     Long  wing-walls,  mnning  into  the  bank  from  either  abutment,  would  add 
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mocli  to  the  stability  of  the  atmctnre,  especially  when  the  walla  can  be  so  extended  as 
loraeh  R  stratum  of  bed-rock  lyinf;  above  high- water  mark. 

If  is  to  be  resetted  that  the  lift  is  so  anequal,  aa  shown  in  the  profile  wbicb  I  enb- 
mit,  ani]  probably  a  mote  extended  examination  wodM  remedy  much  of  this  difficulty. 
At  sdietaDce  of  3.000  feet  np  the  Twelve-Pole  Uivei  from  its  month,  the  bank  b«- 
lH«eD  (hat  and  the  Ohio  River  is  very  narrow.  The  Ohio  River  appears  to  be  cutting 
iu  left  bank  all  along  near  the  point  Indicated,  and  there  ia  probably  a  strip  of  from 
^ la  10 feet  yearly. out  away.  At  tluii  rate  only  a  few  years  will  be  required  to  change 
Ibe  rooutb  of  the  Twelve-Pole  so  that  it  will  enyity  into  the  Ohio  at  the  point  above 
utentiODed. 

I  hate  «n4esvored  to  colleot  statistics  «f  the  bnHtnees  lesanme*  of  this  vaUey,  but 
nj  rSoTtK  have  not  been  very  saooesaful.  This  is  to  be  isegiettAd,  as  a  full  statement 
of  tlis  oommercial  interests  to  be  aerv«d  would  seem  a  neoessary  adjanot  to  this  le- 
port. 

Fkmd  observation,  I  iirfer  tbat  there  are  no  ogrionltnTal  prodoots  in  excen  of  the 
mtaof  the  Inhabitaota,  nor  d.a  I  think  there  ever  will  be,  the  lands  being  powly 
*■'— '-i  to  Sarmiag  purposes.    I  will,  however,  make  an  exoeption  in  regard  to  frnit- 


fiuing.    The  t^ple  and  peach  crops  are  very  abundant,  and  of  excellent  quality,  from 
tbe  imaU  orchards  which  we  saw  to  the  larger  ones  of  more  favored  localities,  gii  ' 
fmme  of  a  greater  yield  when  no  longer  neglected.    Bnt  this  branch  of  agriciuti 
indntlry  could  hardly,  at  least  for  a  long  time,  assume  a  mafruitnde  snffioieat  rte  i 


osC  (he  expense  attendaiK  upon  the  constroctjoo  of  locks  and. dams. 

^  distance  examined  to  the  forks  of  Twelve>Fole  does  not  reach  the  coal-fields  oi 
tWs  river-valley,  the  firat  appearance  of  heavy  veins  of  coal  above  water-level  being 
"imfottt  miles  further  sooth.  Slack-water  navigation  to  tite  forks  of  Twelve  Pole 
"tmldnot,  therefore,  aid  in  developing  tbe  coal-«iines  of  this  valley,  nor  would  tiiece 
t«uyeo>t-carriaeeov«r  the  improved  navigation  if  it  were  made.  At  sev^sl  points 
^ng  tbe  line  of  oar  lex  ami  oat  ion,  I  noticed  the  "  lean  "  ores  of  iron  incident  to  this 
Wlogical  formation.  The  largest  deposit  Chat  I  saw  was  in  tbe  hillside  over  the  left 
Ujik  of  the  river  near  Pleasant  Workman's  mill.  At  an  elevation  of.say,  18  feet  above 
ibeiiver-bed, and  in  a  matriiof  shale, is  quite  a  heavy  depositof  "kidney  ore."  This 
ii  Id  si^t  for.  (ay,  2,000  feet  along  the  hillside,  and  near  the  river.  I  do  not  think  ores 
of  iton  in  snlflcient  quantity  to  justify  the  erection  of  smelting- works  have  yet  been 
Bxuid  at  any  point  In  this  valley,  bnt  a  large  qnantity  of  ore  would  doubtless  be  mined  - 
ud  shipped  out  were  a  sufficient  and  practicable  navigation  provided. 

Tit  ij^ting-ont  of  timber  and  logs  for  sawing  seems  to  be  tbe  puameunt  indnstry 
<i(  lUs  valley.  To  this  all  other  pnranits  ore  sabordioate.  O.  G.  Bu^ess,  «Bq.,  of 
^ifat  Conrt-Houae,  estiiuales  tbe  value  of  tbe  average  yearly  products  of  wood  in  tbe 
'oUcj  it  1170,000.  Tbeae  logs  and  pieces  of  timber  arefosteued  tM;etber  in  small  floats, 
idtteUkenoDt  into  liheObioIUver  when  tbe  Twelve^iPole  is  sum  cientlyswoUmwitb 
nisi.  I  fail  ■to  me  that  'thisintwmt  would  be  miioh  beaetkted  by  a  ajeteinuf  slack- 
ller  navigation.  The  DMnufaotnce  of  wooden  wares  of  various  kinds  oonid  be  aoc- 
Mshlly  carried  on  along  this  etceam,  and  would  prove  a  fruitful  source  of  revenne  if 
1  improved  river-navigation  were  praoticable. 

The  abrupt  «hacsoter  of  tite  waleiahed  of  this  river  neaitlts  in  floods  whid)  are  eoor- 
■DMs  contpoiied  wkh  tbe  oiiitaaiy  flow  «f  the  liuer.  The  veiitioal  rise  ie  sometimes 
•9)^leeD  wet.  A  oroaMMO^n  tf  Ibis  river  taken  at  Wavue  Coiirt-UouBe,  September 
'^,Iinj,cainpnted  by  a  liberal  formula,  makes  the  discharge  'i.l  onbicWt  of  water 
puaecond.  Iliis  qnantity  of  wat«r  would  probably  no  more  thwi  safflce  tm  »beup- 
li(n,ieakage,aiidevapcmition,  and  woald  leave  no  wattf  to  fill tiieJooks.    Tlusiepnxi- 

.1.1. .  r  -       a c  .v_  j.iyjj.  i^iien  not  .swollen  by  rains,  wid  would,  I  should 

:  monthti  of  the  year.    Should  the  river  be  improved 

jsity  for  reservoirs  of  safflcieut  capacity  to  anpplj  tlie 

uecevsry  water  for  tbe  looks  for  this  length  of  time  during  each  j«Ar.  WihsUiar  naitn- 
nl  ud  easy  positions  for  the  oonBtruotioD  of  these  reservoirs  exist,  1  am  tuwble  :to  say, 
■if  eumkiattvn  not  beina  extended  to  cover  this  oontingeuo^.  Whether  this  gwlosi- 
t^  formation  wonld  hola  water  would  likewise  become  an  important  element  in  the 
lanher  iuveatigation  of  this  subject,  and  its  solution  rather  falls  without  the  province 
"f  Vm  engineer. 

in  coBclnsion,  I  can  see  no  present  or  prospective  necessity  for  the  execution  of  this 
■ork,  Dor  do  I  think  it  practicable. 

A,  L.  Cox, 
Attittant  Enginetr. 
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sukvey  of  big  sasdy  river,  kentucky. 

United  States  Ehgiheee  Office, 

Cinoinnati,  Ohio,  Februan/  2i,  1875, 

General  :  The  river  and  harbor  bill,  approved  Jane  23, 1874,  cod- 
taiued  clanses  directing  the  Secretary  of  War  to  caose  examiDations  or 
sarveya  to  be  made  at  the  foltowiDg  points : 

"Big  Sand;  River,  below  PiketoD,  Ky," 

"Big  Sandy  Biver,  from  its  montb  to  Piketoa  and  WarfleM,  in  Keu- 
tncky." 

By  yoor  letter  of  July  3,  1874,  the  cliarge  of  these  aurveys  was 
assigned  to  me.  I  at  ouce  placed  tbe  work  iu  the  bands  of  Mr.  James 
E.  Bell,  assistaut  engineer,  and  I  have  the  honor  berewith  to  forward 
bis  report. 

It  will  be  seen  from  it  that  the  Big  Sanily  proper  is  twenty-six  miles 
in  length,  &om  Catlettsbarg,  at  its  moutb,  to  Louisa,  at  the  junction 
of  ita  two  forks,  and  that  Fiketon,  on  the  Louisa  Fork,  ia  eighty-sis 
and  one-half  miles  above  Louisa,  or  one  hundred  and  twelve  and  one- 
half  miles  above  Gatlettsbnrg,  and  thnt  WarHeld,  on  tbe  Tug  Fork,  is 
tfairty&ve  miles  above  Loniaa,  and  sixty-one  miles  above  Gatlettsbnrg. 
The  total  length  of  the  sarvey  was  one  baudred  and  forty-seven  and 
one-balf  miles. 

The  full  of  the  river  is  distributed  as  follows : 

Pikfton  to  Louiu  ▼!>  Loalsa  Fork 139.719 

Warfl«ld  tol^Disa  viaTngFork 61,  m 

Loaiea  to  CstlutlsbarK  via  Big  Sandy  River 27.4T9 

It  ia  evident  that  the  only  feasible  way  of  procuring  a  safficient  supply 
of  wBt«r  for  navigation,  and  especifttly  for  a  navigation  by  coal-barges, 
is  to  canalize  the  river  by  means  of  locks  and  dams.  In  doing  this  we 
at  once  have  our  choice  of  two  methods — the  French  method  recently 
invented,  of  movable  dams,  and  the  method  in  ase  on  the  Monongahela, 
Muskingum,  Kentucky,  and  other  rivers,  of  permanent  dams.  The  first 
method  is  decidedly  the  better  of  the  two  where  tbe  natural  navigation 
lasts  for  several  montha  continuously ;  but  its  greater  cost  of  establish- 
ment, and  of  maintenance,  naturally  causes  the  aelection  of  the  aecond 
method  for  rivers  on  which  the  total  amount  of  navigation  is  not  great. 
As  tbe  Big  Sandy,  at  least  at  present,  is  decidedly  a  river  of  small  nav- 
igation, I  have  chosen  the  method  of  permanent  dams  as  the  proper  cue 
under  existing  circumstances. 

Assaming  a  lift  of  10  feet,  which  experience  on  tbe  Monongahela  has 
shown  to  be  the  most  serviceable  lift  for  river-locks  and  dams,  we  obtain 
tbe  following  table : 
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It  vas  impossible  in  tlie  brief  examiDation  made  diiriDg  the  snrve;  to 
make  detailed  locations  for  the  different  locka  and  dams,  but  from  the 
approximate  locations  that  vere  made  it  was  fonnd  that  one-third  of 
Cbe  dams  wonld  come  on  gravel,  and  the  remainder  on  rock.  This  aver- 
age will  probably  prove  reasonably  correct ;  if  any  change  should  resnlt 
rron  a  second  examination  for  exact  locations,  it  wilt  be  most  likely  to 
eaase  ft  decrease  on  the  locations  on  gravel,  and  thus  a  decrease  in  the 
total  cost. 

Id  the  following  estimate  no  account  is  t-aken  of  the  eoffer-daoi,  as  it 
is  believed  that  by  building  in  low  wBt«r  this  expense  would  be  trifling. 

The  size  of  lock  has  been  fixed  at  4a  feet  in  width,  and  200  feet  in 
arailable  length,  as  it  is  thonght  that  a  larger  lock  would  be  out  of  pro- 
portion to  the  available  supply  In  low  water.  By  "  available  length  "  is 
amA  the  distance  between  the  chord  of  the  upper  miter-wall  and  the 
upper  ends  of  the  recesses  of  the  lower  gates.  This  is  the  fall  length 
tbat  is  available  for  the  use  of  boats. 

Xbe  average  length  of  a  dam  will  be  250  feet.  The  average  height 
^11  be  15  feet,  and  the  width  of  baae  45  feet. '  The  np-stream  slope  will 
be  one  on  one  and  a  half,  and  the  down-streum  slope  one  on  three.  The 
nib'irork  will  be  filled  with  riprap,  and  its  upper  slope  will  be  sheathed 
vith  4-iDch  planking,  and  its  lower  slope  with  8-inch  timbers. 
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Gravel  foundation. 

When  Ihis  kind  of  foundation  ia  enconntej-ed,  the  lock  should  rest  on 
3  platform  supported  on  piles  and  covered  with  3  feet  of  concrete.  Fil- 
trations  under  the  lock  should  be  prevented  by  a  liberal  use  of  sheet- 
piling. 

Uiionrr  iM  previouslj  estimated $13,710  00 

MHODryMvedby  using  concrete,  300  eubio  yards,  at  f  10 2,000  00 

C'mI  of  masonry  on  coociete  foandation 41,710  00    . 


FoHodation : 

7;lt  piles,  12  feet  loDir,  a*  $4.50 $3,389  50 

CapBudstriDKere,  54,900  feet,  boantiiKMaTe,  At  |90 1,096  OO 

Floorin);,  63,000  feet,  board- meoBDre,  at  ^0 1,890  00 

Transverse  bioders,  7,740  feet,  board-meiwure,  at  $30 333  30 

Bolts  and' spikes,  95,000  ponods,  at  6  eeuta 1,500  OO 

LnliDT,  capping  piles  and  lay  in  g  floor 800  00 

Concrete,  2,100  oabio  vards,  at  $5 •..  10,500  OO 

Riprap,  700  cubic  yards,  at  tl 700  00 

Gravel  filliDg,  TOO  cubic  yards,  at  SO  cents 3G0  00 

Gravel  eiceaval ions,  5,000  cnbic  yards,  at  SOeents I,o00  OO 

ShMt-piliD^,  320  feet,  at  $4.30 2.184  00 

Totalforfoundation 34,043  7.  i 

Lock-aat««and  wickcta 4, 000  00 

Lock-keeper's  bouse 1,200  00 

70,953  711 
Contingsnciei and  engineering,  10 percent 7,095  37 

Tottl  cost  of  loek 78,040  07 

Timbfr  Sam. 

The  method  of  eoDHtraetion  on  vbicb  tbe  estimate  is  made  ia  tbe  same 
as  that  uow  id  use  on  the  Monongahela.  It  would  nndonbtedly  be  bet- 
ter to  build  dams  of  stone,  esi>ecirfly  where  rock  foundation  cau  be 
fouml;  but  SDch  dams  would  be  more  expensive  than  timber  dams,  ami 
therefore  their  consideration  may  lie  left  to  the  fnture. 

Sock  fonndaliott  p«r  mniiing  fool. 

67  cubic  feet  of  timber,  at  25  cents fl6  i.'i 

:t30  feet,  board-meaanra,  sheathing,  at  $40 13  44 

15  cubic  yards  riprap  filling,  at  11 15  00 

Drift-bolts,  spikes,  4 0 7  00 

Grenrel  filling  above  dam,  3  cnbic  yards,  at  50  cents 1  50 

Total  per  rnnning  foot 53  e» 

Cost  tor  350  mnninf  feet 13,46!3  M 

Colt  of  nuMtntry  tUmtnunl. 

30  cnbic  yards  ooacrete,  at  $5 $150  Oe 

190  cnbic  yards  conrsed  rnbble  masonry,  at  $8.50 1,615  00 

925  cubic  yards  paving  bank,  at  $2.50 2,  .'112  50 

500  oabic  yards  cradiDg  bunk,  at30  oontfl 100  00 

200  enbic  yards  riprap,  at  $1 30D  00 

Cost  of  abnlment 4,277  .'^ 

Cost  of  dam  and  abutment 17,699  00 

Contiugencies and  engiDeeriiig,  10  percent 1,769  90 

Total  cottt  of  dam  aDd  abutment 19,46e  90 

QraTei  feuniatton  ftr  mnnin/  /ovt. 

PreviODS  estimate,  per  Tannhiji  foot. 53<i9 

3  rows  of  Bheet-piliug,  at  $4.20 8  40 

1  pile  per  running  foot  in  apron ... .S  00 

6  cubic  yards  riprap  in  apron,  at  $1 6  00 

Total  per  rnuDlngfoot 73  00 

Cost  of  250  rnnning  feet 18.272  50 
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CmI  of  MDMWjr  dbubinnt. 

CoetH  p«rpr«Tioas estimate... |4,2T7  50 

IJ  piles,  at  »5. 60  00 

laaiheetiog-piles,  at$4.20 ■      525  00 

(oaUf  ftbutmcnt 4,662  50 

Cwtof  (lamaDdabiitmcDt S3, 135  00 

I'DDtiDgencies  and  eDgiaecriuK,  10  per  cent-.... 9,313  50 

Total  cost  of  Oam  and  abntinent Q5,44e  50 

OENEEAL  ESTIMATE. 

The  total  number  of  locks  reqaired  iu  order  to  improve  the  main  river 
and  both  forks  will  be  as  follows : 

CillettBbnr((htoPiketon IG 

Uraiss  to  Warfield 6 

Total 22 

ARBDuing  that  onethtril  of  these  will  be  on  gravel,  we  have  the  fol- 
lunJDg  general  estimate : 

Tloeki  on  gravel, at  t78,049 8546,343 

JfliiDBon  gravel, at  *25,44» 178,143 

15  locks  on  rock,  at  160,401 906,015 

IJiiMnsoD  rock,  at  119,469 293,035 

Total  (br  22  locks  and  dama 1,932,538 

A«rig«forl  lock  and  dam 87.388 

Ur.  Bell'a  report  shows  that  in  many  places  the  bed  of  the  river  is  fnll 
of  large  bowlders  that  should  be  removed.  It  is  also  full  of  snags,  and  the 
laaks  are  encumbered  with  inclining  trees.  A  good  work  can  undoabt- 
^lybe  done  by  remoring  these  bowlderx  and  snags,  and  cutting  dowu 
the  iDcliniDg  trees.  The  total  cost  of  this  work  will  not  be  great,  but  it 
is  qoite  indeterminate.  The  bowlders,  except  one  large  one,  one  mile 
aborn  Frestonabnrgb,  called  the  Ball- Alley  Bock,  can  be  lifted  oat  of  the 
<^haiiDt)l  and  deposited  on  the  shores  by  the  large  grapple  aeed  on  the 
Obioand  the  Great  Kanawha.  The  Ball-Alley  Bock  itself  can  be  so 
i^moved  after  a  few  blasts  have  been  put  in. 

If  Congress  should  be  unwilling  to  appropriate  sufficient  money  for 
IW  construction  of  a  complete  system  of  slack-water,  or  if  money  were 
only  appropriate*!  for  one  or  two  locks,  it  would  still  be  a  very  great 
advantage  to  navigation  to  have  the  bowlders  and  snags  removed.  The 
^tage  in  the  river  is  favorable  for  this  work  daring  about  fonr  months  in 
"le  year. 

I  therefore  estimate  for  two  parties — one  to  remove  songs,  and  the 
tether  to  take  the  large  grapple  belonging  to  the  Government  and  re- 
move rocks.  Each  party  should  have  a  crane-boat  and  a  small  steam- 
boat 

E  FOR  REMOVIKG  oBm'Rccno^ie. 


the  party  Trith  steamboat  aod  crane-boat  per  moatb (1,600 

One  portf  for  four  montha 6,400 

1*0  putle*  for  four  months ^ 12,800 

uupeclioa  and  cootinftenoiee 2,900 

Total  for  removing  obstmctioiis ^!ViP(lo|i 


I  hartllj  tbiok  tbat  tliis  sum  wonid  i-einove  all  the  obstrnctions,  bat 
it  wonid  itrobably  remove  the  greater  part  of  those  in  the  bed  of  the 
river,  and  give  means  for  making  atfnore  careful  estimate  for  the  folloir- 
ing  seasoD.  1  think  that  this  sum  can  be  judiciously  expended  during 
the  comiiig  year,  independent  of  any  sum  that  may  beallotted  for  locks 
and  dams. 
Fourteen  sheets  of  map  with  profile  accompany  this  report. 
Respectfully  submitted. 

Wm.  K.  Mekeill, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


BEPOhT  OF   Mlt,  JAMEH  B.  BELL,  ASSIST. 

Ukitrd  Status  Kxgikrbr  OyriCE, 

andnnaii,  Ohio,  FArvarn  22,  1875, 
Colonkl:  I  hrvve  tlie  honor  to  eabaittbefollowiug  report  on  tlie  snrvey  of  th«  Bij; 
SoDdj  River.    TliisBtreani  is,  fur  conveuieoce,  drvidad  into  tbreo  parts: 
First.  Tlie  Bix  Snod.v  River  fcota  Catlettsburg  to  Loiiiao,  Ky. 
Second.  Tbe  Louisa  Fork  fl-nm  Loalsa  to  Fiketon,  Ky. 
Third.  The  Tug  Fork  from  Louisa  to  Warlield,  Ky. 

BIG   SAKDV  ftlVElI. 

is  formed  by  the  ootjflnence  of  tlie  Louisa  and  tbe  Tag  Forks, 
B  mouth,  opjKiBitt)  the  tonu  of  Louisa,  Lawreuco  Coanty,  Ky., 
and  it  ia  the  dividinf;  liiie  between  tbe  States  of  KeDtuck;  and  West  Virginia.  It 
flows  in  a  DortbneHterly  direction,  tbroDfch  a  narrow  valley,  coDfined  betneeu  rocky 
hills  from  600  to  2,300  feet  apart,  and  empties  into  the  Ohio  at  Catlettsbarg,  Ky.  The 
bordering  hills  are  broken  nearly  every  mile  by  streams  which  have  their  sources  from 
two  to  fifty  miles  distant.  The  average  -width  of  this  part  of  the  river  is  300  feet.  It 
is  to  a  great  extent  shallow,  but  in  many  places  deep  pools  with  rooky  bottoms  are 
found.  The  bottom-lands,  varying  in  width,  are  about  50  feet  above  low-water  mark 
and  not  subject  to  inundations  except  in  extreme  caeea.  Thebanksarein  many  places 
clear  of  trees,  and  except  where  the  rocky  hills  immediately  border  the  river  they  are 
composed  of  sand  so  fine  and  uniform  in  composition  aa  to  be  easily  washed  aivay  by 
the  currents.  Tbe  erosive  action  of  thla  river  during  floods  washes  the  sand  from  the 
roots  of  the  trees  to  such  an  extent  that  they  often  become  so  inclined  as  to  obstmct 
navigation.  An  eianiinatton  was  made  a  few  years  ago  by  boring  into  the  river-bod, 
and  rock  from  B  to  20  foot  below  the  suface  of  low  water  was  found  throughout  the 
entire  length  of  the  river,  except  at  its  mouth.  The  natural  bedof  thia  stream  is  cov- 
ered with  sand,  a  deposit  due,  no  donbt,  to  the  large  quantities  of  thia  material  cod- 
stantly  being  carried  by  tbe  small  ril!s  into  the  various  tributaries  j  thenoe  it  is  brought 
into  the  river,  and  eventually  it  finds  its  way  to  the  Ohio.    The  numerous  bars  found 

*''  " '>nthB  of  the  branches  arc  constantly  being  carried  from  place  to  place  by  the 

-  ^—'11  the  river. 


LOUISA  FORK. 

The  Louisa  Fort  is  the  principal  branch  of  the  Big  Sandy  River,  anil  it  rises  beyoDd 
the  Cumlierlaud  Mountaina  in  the  table-lands  of  the  soutbvrestcrn  part  of  Virginia,  at 
an  elevation  of  1,500  feet  above  tide-water.  It  flows,  like  the  main  river,  in  a  north- 
westerly direction  throngh  a  narrow  valley.  The  fountain-head,  being  so  fiir  sooth, 
gives  tbe  river  an  advantage  over  northern  streams  ia  having  but  little  ice,  a  feature 
of  cousiderabla  importance  to  those  iutercsted  in  its  navigation.  In  ascending  the 
river  tbe  hills  increase  in  height.  Id  some  places  tbe  banks  are  composed  of  rock;  in 
others  of  sand  and  clay.  Where  they  are  of  tbe  latter  ninterial,  the  slopes  are  uniform. 
The  bottom-lands,  like  those  of  the  main  river,  are  above  ordinary  high-water  mark. 
There  are  many  large  bowlders  in  the  river  which  have  rolled  from  the  bordering  bills, 
and  are  obstructions  which  ought  to  be  removed,  The  peculiar  feature  of  this  fork  is 
the  great  number  of  rock-bars,  which  are  doubtless  due  to  tbe  fact  that  its  steep  slope 


(UUM  a  velocity  in  tUe  corretit  so  fcreat  as  to  ptereiit  the  aaud  from  lodginfc.  TheM 
rocl-bire  bave  oLly  a  few  iDcbes  of  water  od  tliem  during  low  atages,  while  at  tha 
bead  Hud  fool  are  pools  rhtyina  in  doptb  from  6  to  13  feet.  Tbe  average  fall  from 
Pik^toQ  to  Loaiaa,  Ky.,  is  1.49  leet  per  mfle,  aod  the  average  width  is  300  feet.  Th« 
unmber  of  iDClioiDg  tceua  is  7,656,  and  the  naiuber  of  HaagH  ^397. 

TUa   FORK. 

Tba  Tag  Fork  rises  in  the  mountains  of  McDowell  Coiioty,  West  Virginia,  and  flows 
in  s  north  westerly  direction,  forming,  with  the  Loaisa  Fork,  the  Big  Sand;  River.  It 
hu  the  same  general  featnres  as  the  Louisa  Fork.  The  hills  come  nearer  the  river,  and 
consuquently  the  bottom-lands  aie  not  so  wide.  This  fork,  as  far  np  as  the  Falla  of 
Tug,  is  shallow, crooked,  and  narrow;  so  shallow  diiriog  low  water  as  to  render  naviga- 
lion  impossible;  bat  above  the  falls  its  character  cbanKes,  and  it  becomes  a  snccessiOD 
of  pools  separated  by  rock-bars.  The  hills  are  very  steep,  exposing  the  rocky  mate- 
halt  of  which  they  are  mostly  composed.    The  banks  are  alternately  of  rock  and  of 


All  these  streams  are  fed  almost  entirety  by  monntain- springs,  which,  when  the 
lifinches  near  tbe  month  are  dried  np,  continue  tbeir  nana!  supply,  aod  thns  become 
Ibtmain  snstenance  of  the  river  during  low  water.  Tbe  Big  Sandy  River  is  tbe  only 
iDtletfor  a  very  productive  conn  try,  rich  in  both  agricnltnral  and  mineral  wealth,  yet 
|I  pnfieats  serious  obstacles  to  tbe  transportation  of  these  prodnctions  to  market.  It 
:s anEavigable  in  low  water,  and  even  in  high  water  it  is  dangerons  to  navigatioQ  on 
uTonnt  of  its  velocity  and  its  sharp  bends.  On  the  Tug  Fork  these  difQcultios  are 
iunoMed  by  the  number  ofleaning  trees  which  project  into  tbe  narrow  cliannel. 

^«  mines  that  were  formerly  worked  on  these  forks  were  located  at  points  where 
tilt  river  is  shallow,  so  that  boats  conld  not  be  loaded  during  low  water  and  held  for  a 
lut  The  want  of  proper  landing-places  and  the  disaet«rs  and  resntting  toss  incnrred 
'1  trying  to  get  coal  to  market  have  compelled  the  abaDdonment  of  work  on  all  the 
»iiM»,  eioept  those  that  supply  the  limit*^  local  demand. 

Tbe  following  statistics  of  the  Big  Sandy  Valley  have  been  prepared  by  Judge  M.  J. 
F»mson,  ot  Louisa,  and  will  give  some  idea  of  the  exports  of  this  section  : 

"This  tAbte,- com  piled  for  tbe  year  endiug  Jaly  1,  li^TO,  embraces  only  that  portion 
°f the  vftlley  which  now  finds  its  only  outlet  by  the  river  to  the  diHeront  markets. 

"Articlr*  txporled. 

"S»w-logs,  sawed  lumber,  and  fencing-posts tSSO.OOO 

'Suveaandnpoke-timber 80,000 

Tin-bark 75,000 

"K^-timber 8.000 

"Hoop-polea !^,000 

"Hargea  and  email  craft 4S,000 

"Froit 40,000 

"feathers,  bees-wai,  ginseng,  tallow,  hides,  poultry,  eggs,  butter,  flax-seed, 

nc«,andprodnceof  country  stores 165,000 

"Mieat  and  corn 50,000 

"PoUloes 6,000 

Livestock 175,000 


1,319,000 

."  This  eHtlmate  was  mode  from  memoranda  collected  firom  merchants,  timber-dealers, 
^  conimoQ  carriers,  aod  has  been  recently  revised  upon  the  following  boaia  of  valaee : 

"The  timber  is  valued  at  13j)Cents  per  cubic  fout,  and  a  fleet  of  saw-logs  is  estimated 
»  M  average  value  of  $3,500  in  tbe  Cincinnati  market,  the  tan-bark  at  (15  pet  cord, 
anil  the  staves  at  tS4  per  thoaaand. 

"  BargM  and  other  craft  are  valued  at  $3  per  linear  foot.  Tbe  item  $165,000  from 
Wintry  stores  is  ascertained  by  connting  the  namber  at  110,  and  their  average  export 
*l  11,500.  This  is  believed  to  be  much  aader  the  true  v^ue.  PrevJons  to  the  year 
1^,  the  corn  and  wheat  produced  were  ased  almost  entirely  for  home  consumption, 
"lit  since  that  time  the  export  of  these  grains  has  steadily  inoreaaed,  until  now  the 
PMs  export  would  probably  double  the  estimate  iu  the  above  table. 

"There  has  been  mnob  difSciilty  In  estimating  the  value  of  live  stock,  and  it  is 
i^lieved  that  this  item  is  very  low.    The  general  exports  of  this  valley  have,  since  tbe 
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fMtf  1866,  iDoreBsed  more  tban  SS  per  oent.  aunablly,  and  wme  of  tlie  RiMUea:  pmdiKts 
at  a  maoh  create'  mto. 
"  "  ir  example,  in  one  caant?  aitaated  near  the  month  of  the  river,  the  ule  of  ei 
r  19a ->-„,..         .     . — _, 


(12,000.    Any  general  improvement  of  the  Big  Sandy  Ktvet  wonM  iecare  lot  it  the 
ezporta  that  now  go  overland." 
Jndge  FergnsoD  assured  me  that  the  exporte  for  the  year  ending  September  I,  1ST4. 


year  1866  did  not  exceed  fl.OOO,  tthDe  in  the  year  1870  it  amonnted  to  aboat 
Any  genei    '   '  '      '  "      —'     "      .  -  ■■■         _  _. .   .  .._.... 

lorta  that  now  g 

ndge  FergoBon  i  -   ,  .  „       > 

would  not  materially  differ  from  tho«e  given  in  the  above  table,  and  that,  althongl 
there  wonld  he  cfaangea  in  detail,  tbe  total  woold  remain  abont  tbe  aame.    It  is  a  ' 
mated  that  the  steamboata  and  the  poah-boate  carry  30.000  people  and  aboat  30.i 
tone  of  fMgbt  annually  up  and  down  this  river  during  the  season  of  navigation.    1 
oensiu  gives  80,000  aa  the  population  of  those  counties  that  use  this  valley  as  an  o 
let  to  market. 

The  steamboat  Fleetwing,  117  feet  in  length  and  drawing  30  incites,  navigates  this 
river  oa  far  as  Looiea  dnring  uina  montbt.  and  aa  for  oa  PIketon  during  five  months  in 
each  year.  Tbe  back-water  of  the  Ohio  Biver  gives  sufHcient  depth  of  watti  for  nav- 
igation to  some  distance  above  I«uisa. 

Tbe  river  wa«  gauged  during  this  snrvey  with  the  following  reanlts :  On  the  Louion 
Fork,  at  low,water,  tbe  discha^e  was  found  to  be  as  follows :  At  Beck'a  Shoal,  32,ii 
cubic  feet  per  second ;  near  Big  Shoal  tiranch,  60.07  cubic  feet  per  second.  On  the 
Tug  Fork,  when  the  river  waa  nearly  at  low  water  but  risiDc,  tbe  discharge  near  Lick 
Shoal  was  1118  cubic  feet  per  second.  The  discbarf^  of  the  Big  Sandy  Biver  at  its 
mouth  was  found  to  be  753.3  cnbio  feet  per  second,  the  river  being  near  Ion  water  but 
rising.    It  was  with  tbe  greatest  difdcnlty  tbaC  our  boat,  drawing  only  5  inche^  could 


?9toverihe  shoalt  and  bars  when  descendingtheriver  betweenPilteton  andLoni: 
he  Big  8an4y  and  its  branches  drain  an  area  of  4.600  sc[nare  miles,  eiiual' 
tent  almut  one-twelfth  of  the  State  of  Keotncky.     This  river  and  ita  forks  i 


very  suddenly,  often  to  tbe  height  of  .'iU  feet,  and  fall  nearly  as  i]uick1y. 
Each  creek  has  a  valley  and  bottom-lands,  similar  to  those  of  the  stream  into  which  it 
enipties,  but  correspandingl;  leee  in  extent.  * 

The  principal  tributaciea  of  the  main  river  and  of  its  two  forks,  with  their  approxi- 
mate  lengths,  are  aa  follows : 


Blalae  Creek.. 
White  Creek.. 
Bear  Creek 


Lick  Branch . . 

George's  Creek 

Tom's  Creek 

Griffltb's  Creek  „,, 

Nat's  Creek 

OreasOT  Crenk 

Paint  Creek 

Little  Paint  Creek. . 

Beaver  Creek 

John's  Creek 

Middle  Creek 

Hod  Creek 

BoU  Creek 

Ivy  Creek 


Mill  Creek 

Kock  Castle  Creek  ... 

JenoT's  Creek.: 

Elk  Creek 

Uarrow-Boae  Creek.. 


Tribularin  of  ilit  Big  Saitdg  Rire 


lyibutarUt  of  tht  £«atM  Fork. 


TViiNiariss  <tf  ike  Tug  Fori. 


The bottom-landa  are olnoat  oil  above ocdlDory  high-watermark,  and  are  vMj  fer 
tile.  The  grasses  grow  spoataseoDsly,  and  are  of  excellent  quality.  Tbla  ooantry 
generally  yields  a  sure  erop  of  various  kinds  of  fmit.  Com  is  tbe  priuoipal  grain  pro- 
duced, but  as  tbere  is  no  demand  for  it,  only  enough  is  raised  for  home  consumption. 
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Ttwhithftre  Dovered  With  ieaae  totmto  oC  Tsla&bla  timber,  iaeladiag  waltrnt,  aab^ 
miple,  poplkT,  oak,  white  walaaC,  chesCnat,  and  yellow  pine,  which  fbraiBb  the  prin- 
ci|tt]nipp]y  of  wood  to  the  steaoiboat-baildera  sod  farnitiire-makers  of  Ciaomn&ti. 
Ttaii  timber,  the  only  coDHlderable  export,  goes  oat  at  flood-time  and  j^luts  its  own 
market,  thereby  barely  pnyinf;  the  labor  of  preparing  and  traoHportinf;  it.  The  wont 
of  regaiftToommnnicBtion  with  a  market  baa  prevented  the  investment  of  mannfac- 
tntiDg  capital  in  this  volley;  and  as  the  present  condition  of  the  river  has  made  the 
money  already  invested  in  ooal-landa  along  ita  banks  nnprodoctive,  there  is  no  de- 
mand for  labor  except  in  the  lomber-trade. 

Prof.  D.  D,  Owen,  in  his  report  on  the  gsology  of  the  State  of  Kentocky,  states  that 
ibehest  exposure  be  hae  seen  of  the  ooal-measureti  of  the  Bie  Sand;  Valley  is  in  the 
vicinity  of  Prestonaburgh.  In  Lawrence  Connty,  sonth  of  Louisa,  on  the  BiK  Sandy 
Ricer,  he  fonnd  six  or  seven  beds  of  coal,  measnring  in  the  asoendiOK  o^er  from  3  to4 
feet  in  tbickneeB,  and  above  these  a  bed  of  oannel-coal.  In  JobneoD,  Fleyd,  and 
otber  connties,  he  fonnd  six  or  seven  beds.  Near  the  dividing-line  of  Floyd  and  Pike 
Counties,  he  fonnd  nnmerons  beds  of  coat,  the  main  vein  oonsisting  of  three  strata,  of 
ibaonited  thickness  of  7}  to  8  feet.  The  analysis  of  the  coal  of  this  volley  givto 
inm  30  t-o  36  per  eent.  of  volatile  matter,  and  from  64  to  Sj  per  cent,  of  carboa.  The 
pfTcentage  ofaahes  ia  very  small.  The  neater  the  amonnt  of  carbon  and  the  smaller 
lite  quantity  ef  aabea.  the  better  the  coal  for  mannfactaring  parpoaes. 

Ihe  report  of  IIm  eommiaMonar  of  emigration  of  West  Virginia  atatea  that  beds  of 
l>cmatit«s,  oxides,  and  peroxides  of  iron  are  found  in  the  great  coal-regions  of  tbe 
Knswha  a>4  Big  Stmdy  Valleys.    In  many  places,  iron-ore  alternatas  with  coal  and 

1  am  enaHe^  ttj  tk  kindneae  of  Prof.  H.  8.  Shaler,  anperintendent  of  the  geologi- 
ll  iDrvey  at  tha  state  of  ICentncky  to  present  his  personal  obaervationa  of  tbe  geo- 
^cal  lealHMe  of  this  valley  in  the  following  report : 

"  Newfort,  Ky.,  JamKiry  1, 1875. 
''Ut  Dear  Sir  :  It  givea  me  great  pleasure  to  answer  yonr  qnsstions  eraoeiniDgthe 
nimral  reaonreea  of  the  Big  Sandy,  or  Cbatterawha  Elver.  Uofortnoately  tbe  geo- 
jiiRieal  Burvey  has  not  yet  been  carried  far  enough  in  that  valley  to  enable  me  to  speak 
iaatich  detail  concerning  its  resonrces,  bnt  enough  is  determined  to  warrant  me  in 
'be  general  statements  contained  in  the  following  brief  report.  These  statements  are 
Wail  on  my  personal  observations,  so  fur  as  the  valley  of  the  principal  atreaoi  ia  eoS' 
ftntd ;  for  the  Tag  Fork  branch  I  have  tbe  statements  of  my  esteemed  osaociate,  Mr. 
*.R.  Crandall,  principal  geological  assistant  of  the  Kentucky  aorvey. 
"  Very  sincerely  yours, 

"N.  8.  Bhalbr, 
"Superintendeal  of  the  Kextuckg  Survry. 
"J.  E.  Beu,  Ciril  Engineer. 

"OEOLOGICAl.   BEeOURCES   OF  THE   BIO   SANDV   V.ILLEV. 


"  Every  part  of  thia  volley  which  has  been  explored  by  the  Kentucky  auivey  lie«  in 
toe  n>cl(8  of  the  Carbonifeniua  age,  or  at  least  above  tbe  level  of  the  base  of  the  Bub- 
^^ttcuiferouB  limeatoue.  Its  mineral  atorea  are  therefore  limited  to  the  materials 
"•Ki  within  these  geological  bounds.  Coal,  iron,  and  salt,  together  with  building- 
i<^s  aod  fire-clay,  are  the  prodncts  that  may  be  songht  here.  The  coal-beds  of  this 
^tUey  are  doubtleaa,  in  part,  the  western  extension  of  the  bods  of  the  Kanawha  Vti- 
'^TiUd  therefore  iu  a  measure  to  be  Judged  by  those  well-known  sources  of  ooal.  Tbey 
>ll  appear  to  belong  to  the  lower  division  of  the  ooal-serieB,  and  are  contained  in  th» 
Wieeof  beds  lying  within  less  than  900  feet  of  the  top  of  the  snbcarboniferooa  lime- 
™ic.  Thelbllowing  general  section,*  mode  up  from  the  reeearches  of  Measra.  A,  H. 
Itandsll  and  P.  N.  Moore,  in  Greeunp,  Carter,  Boyd,  and  Lawrence  Coantiea,  the  latter 
'"0  lying  on  the  Big  Sandy  Kiver,  throws  important  light  on  the  question  of  the  oc- 
JtitrencB  of  coal  in  this  section.  Going  southward  along  the  Big  Bandy  and  its  tribu- 
*tiM,  the  upper  conla  on  this  section  seem  to  become  of  less  consequence,  while  the 
"■"er  coals,  or  some  of  them  at  loaat,  seem  to  iucreow  in  tbickneaa  and  tu  improve  in 
TMlity.  One  of  theae  ooala,  probably  the  Turkey  Lick,  or  No.  3,  in  Greeoup  and  Carter 
Untitles,  becomes  the  excellent  coal  at  Peach  Orchard,  and  seems  to  retain  its  qnality 
"ysr  a  wide  area.  At  Peach  Orchard,  we  have  tbe  following  sectiont  in  the  old  mines 
't  that  point.  This  coal  was  for  many  years  mined  and  shipped  iu  large  qnantitiee, 
Ud  wnimanded  o  high  price  In  the  Cincinnati  market.  Although  there  iB  aome  waste 
■  S«e  f  i)t.  I  oe  pags  164.  f  See  Pig.  a  an  pafe  It*, 

r    -iz^dbvCoOglc 


31.  CoBl,No.Il,ftboTe 
baae ! 

SO.  Local  oaoDel-cool, 
Mo.  10 i 

19.  Coal,No.9 19 

le.  BasUrd  limeatooe 

17.  Hatobercoa1,ND.B.  17 
16.  Bedkidoey  ore. 

15.  Coal  ton  coal,  No.  7.  IS 

14.  YeUowkidoejore.  14 
13.  Eev's  Creek   coal, 

No.6 13 

12.  Limestooe  ore 12 

11.  PenniufrtoD    coal, 

No.5 U 

10.  CaDDel-coal,No.4.  10 

9,  Tarkev  Lick  coal, 
No.3 9 

f .  Second  coal  above 


7.  Orabam    coal    in 
sbale,No.l  ....    7 

6.  Sixty  to  BercDty 
feet  of  abale...    6 


48"  to  CO"    Tbinahal.^ 


60"  impair. 
20"  to  40-' 


5,  Ko.l.blftckoro...    I 

4.  CoQKlomeratelOto 
100  feet  thick..    4 

3.  SbalelOfeet 3 

2,  Thin  ore,  irregular 

1.  Subcarboniferonj 
limestone  40  U 
133  feet  tblck..    1 


"  Thin  same  coal  eitends  over  a  very  broad  district,  withoat  miicb  variation  id  char- 
acter. TLerearealso  oneor  two  otbei  workable  coaU  opened  in  tbia  ueiKhborhood. 
From  Peach  Orchard  t«  Preatonshnrgh,  ne  are  incoDlinualcontact  with  what  m 


be  Graham  or  lower  coal  of  the  si 


j>3G  inches  of  dear 


ewl  of  eood  iinalitj.  Where  it  is  exposed  Dear  tlie  first  ford,  below  Prentoasbui^b,  it 
■hows  about  3  feet  of  coal  of  remarkable  eveaaess,  with  a  good  exposure  for  minioi;. 
Oppodte  PreBtODsbari;b,  what  seems  to  be  the  aame  coal,  shows,  in  a  ti'ial  opeutng,  40 
JDcfaes  of  cleaa  coat,  without  aoy  partiog,  in  au  admirable  positiou  for  working.  I 
lukT«DoteiamiDBd  the  main  atreamabovethis  point,  bnt  em  assured  b;  Mr.  Gvao  Jooee, 
in  experienced  Welsh  mioer,  who  has  spent  many  years  ia  this  neighborliood,  that  this 
eoalcontinaee  to  improve  in  thicknessand  qnality  for  some  miles  above  Presto nsb a rgh. 
The  Mme  seri«B  of  coals  extend  up  the  Tug  Fork  of  the  Big  Ssody  River.  At  War- 
field  theooal  just  described  aaoccarringatFrestoasburghis  five  feet  in  thickness,  with 
bnt  one  inch  aud  a  half  of  parting.  Four  and  a  half  ^t  of  this  thickness  is  of  eicel- 
Jent  qnality,  the  lower  six  inches  l>eing  inferior,  but  fit  for  neighborhood  use  and  for 
mating  salt.  This  is  an  admirable  bed  of  coal,  and  is  aa  tliick  as  is  necessary  for  the 
moat  economical  working.  Sixty  feet  above  this  bed  there  is  another  not  opened  ap, 
bnt  appataatly  thiu.  At  ationt  170  feet  above  the  lowest  bed  is  another,  which  Mr. 
CriDdall  considers  the  same  as  the  Peach  Orchard  coal.  At  about  280  feet  above  No. 
I  there  occnrs  a  splint-coal  about  3  feet  thick.  The  value  of  the  last-named  coal  is  not 
homi  to  me.  Little  haa  been  done  to  open  other  beds,  an  the  lowest  of  these  coals  is 
ibove  high  water,  over  most  of  the  area  examined.  It  is  evident,  even  in  the  niide- 
veloped  state  of  the  l>eds,  that  we  have  here  a  coal-section  of  remarkable  ricbaesa,  and 
■he  UDount  of  couutiy  underlaid  by  them  is  so  great  that  the;  would  supply  the  whole 
dniiatid  of  the  Ohio  Valley  for  centuries.  Thelron  ores  of  this  valley  seem  to  be  far 
N«B  numerous  than  those  in  the  Talley  of  the  Little  Sandy  Bivcr  ;  in  fact,  the  geologi- 
lal  antvey  haa  not  yet  encountered  ores  of  sufficient  richness  and  abundance  to  war- 
rant the  ereclion  of  furnaces.  The  aalt-wella  of  this  valley  seem  destined  to  play  an 
important  part  in  its  industry.  The  snpply  of  brine  is  practically  inexbaastible,  and 
Ihe;  are  sure  of  fuel  from  the  lower  grades  of  coal,  at  about  the  actual  cost  of  mining. 
From  the  few  facts  now  at  hand,  it  is  evident  that  in  this  valley  the  supply  of  good 
itcam,  house,  and  coking  coals  will  be  very  great  for  centuries  to  come. 

"A  little  consideration  of  a  map  will  show  that  with  this  stream  properly  locked  and 
dunmed,  these  coals  will  be  nearer  by  oantinuona  water-navigation  to  the  markets  of 
Clacioaati  than  any  ooal  now  brought  to  them.  Moreover,  when  barges  are  in  the 
Ohio  River  at  Catlettsburgb  they  are  already  past  the  most  serious  dangers  which  now 
menace  boats  iu  their  voyage  from  the  mines  of  Pennsylvania  aud  West  Virginia  to 
tbs  markets  of  the  Lower  Ohio  and  Mississippi  Sivers.  Even  coaoting  a  reasouable 
iitsfor  lockage,  it  seems  to  me  that  coal  can  be  bronght  from  this  river  to  Cincinnati 
iiitamuch  less  sum  than  it  coats  to  bring  it  from  Pittsburgh.  I  have  had  the  estimate 
mtde  by  one  gentleman  welt  acquainted  with  the  bnsiness,  and  it  shovrs  that  there 
*iinld  be  a  net  advantage  of  nearly  one  cent  a  bushel  over  the  coals  from  the  Upper 
Obio.  Be  this  aa  it  may,  tlie  chance  of  greatly  inoreasiog  the  coal  area  acoeasible  to 
tile  Ohio  cities  will  well  repay  the  expenditure  of  money  in  the  improvement  of  this 
rtter.  It  may  not  be  amiss  to  say  that  I  have  examined  the  buildiug-stone,  with  ref- 
trence  to  ita  use  for  looks  and  dams,  and  am  satisfied  tbat  it  is  perfectly  fit  for  such 
I*.  I  have  also  satisfied  myself  that  it  will  l>e  possible,  with  riprap  and  willow-tree 
pltnting,  to  secure  the  wings  of  the  dams  agaiost  washing.  I  would  suggeaC  that  the 
^ngs  of  the  dams  be  put  io  a  year  sooner  than  the  dams,  and  the  whole  ground  atwnt 
Item  be  closely  plantad  with  willows.  Carefol  stndy  of  the  action  of  willows  in  such 
pwitions  haa  shown  me  the  efficacy  of  the  precaation. 

"N.  S.  Shaler." 

The  only  feasible  improvement  for  the  navigation  of  this  river,  owing  to  the  limited 
^pply  of  water  dnriu^  several  months  of  the  year,  is  by  means  of  locks  and  dams. 
Tlie  vfirions  cross- sections  where  sites  have  been  selected,  except  at  the  mouth,  show 
IkTorably  for  the  erection  of  locks  and  dams,  there  being  always  rock -formations  on 
one  lide  and  ou  the  bottom  of  the  rivsr,  thns  giving  good  foundations  for  the  lock  and 
the  main  portion  of  the  dam,  while  the  bank  at  one  end  of  the  dam  only  will  have  to 
w  protected  against  wash.  The  fall  of  157.2  feet  between  Piketon  and  Catlettsbnrg 
requires  the  erection  of  16  looks  of  10  feet  lift,  wbilo  the  fall  of  61.2  feet  between  War- 
field  and  Lonisa,  Ky.,  takes  6  locks  of  the  same  lin.  These  locks  sbonld  be  SOO  feet 
long  and  45  feet  wide,  with  5  feet  of  water  ou  lower  miter-sill.  The  average  length  of 
the  dams  will  be  about  850  feet. 

There  are  14  maps  accompanying  thia  report,  whose  horizontal  scale  is  1  iaoh  to  1,000 
'<xt,  while  the  vertical  scale  is  1  iuoh  to  6  feet. 
Respectfully,  your  obedient  servant, 

Ji8.  S.  Bell. 


MajVT  Corp$  </  Engitueri. 
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BtgSam^BiMr. 


CMMtaboTl^  K;  . . 


Foot  of  EngUih  Hllla, 


IfiXgtHicad  Bock*  . 


PoJ't. 


BlMiusr  Bar... 


Sore  CrMk  Bar... 


lAoiw,  Ky.,  SMUity- 
•Mt   of    Lkwnnoe 


OHTlllr.'W.Ta... 


EitcMM  Uob-watu  suit  af  IMS  to  »«a 
f>»t  abon  door-iiUl  of  Mr.  Jwpli  Haw- 
barg'sUdre,iniFni(italrHb    iMelBvk. 


taekv,  at  Os  moiiBi  nf  Blf  Sud;  Riva 
uid  It  eoDMlat,  ■aoordlDg  «a  Uw  Un 
oniu.  a.m  iDhAMMti.  Tha  wted- 
■■1  bo^HH  of  tUi  (mni  !■  to  tmUh 
■nppUe*  for  the  Bl|Suidj  Valley.   ~' 


Bkody  SiTnr,  i 


HklaUig 


tSM. 


"Tbe  bonom  oT  tito  Sic 
j^.g,__     .... -u. 

Ohio. 
Very  flt««p  and  mjuEB^  falU*  oo  tbe  Wea 

T[»fiiU  OAr,  oTTbe  rlicr.    DaHb  a 

vateratfiwtaf  bar,  l.SfecL    .■^-— - - 

iratar  at  biiad  of  bar,  I  ' 
I^rcB  nekii  borderine 

vTrgtola  iihore. 
ImmeDH  blockB  ot  gif-  - 

tbe  UlJi  near  by  an 

oothxVlrtdDlaaha... 
Average  depth,  9.0  feet. 
A  Buwll  place,  of  Do  Imponanee,  osolaiii . 

I>«pth  at  bead.  3.S  PKt  i  at  loM,  a.S  (aet. 

ATeraxe  depth,  S  Feet ;  rock  bottom. 

Avemeo  d>>ptb,  B  feet :  loek  bsUoiii . 

DnpUiuf  water  at  hHd,S.nfeet;  at  tiMt. 
1  foot!  aTanue.  l.a  fnet.  Tfabi  bv  it 
coiupeaed  aaUrely  of  aaad,  aad  la  ma 
obataole  Xa  jiavl^atlaa  when  tbe  water 
becomes  Idw.  Then  la  at  all  ttnM  a 
bar  at  t}da  place. 

A  fMd  acriw  tbe  rlfer  at  tUa  plaee 
Tbwe  are  a  few  booaee  oa  tbe  \itg.it>i» 
ahere.  Thia  pslol  [h  abont  tbe  aenter 
of  SomdBDtloni.ab^aDdvaU^BHl. 
Tatad  bottom-ka^,  osveved  wltb  wMer 
only  daiinff  actraBW  Aood*. 

Rock  bottom ;  avemitB  depth,  ».\  ttKt. 

Depth  at  bead  of  bar,  i.43  /eet ;  at  foot.  1 

There  la  a  aBW-mUl  M  (hbi  plaee :  Vlr- 
Kinia  aide  btlly,  Eentooky  aide  faieb ; 
ooltlvaCad  bottam-liDds. 

Aveiaga  Aeplh.  *  feet. 

SUMted  span  a  level  bottam-b»d  altore 


the 


.'.'{US 

■miilaBd 


..  the  tlv«r.    UoUaliu 

lohaMlaate.    HMMiaflosr- 
Tliiii 


oarried  on  here.  The  town  I*  well  Utd 
out,  and  haa  a  iUt  ivpeantnoe. 
OppoalU  LoDlai.  Tbece  aeema  to  b*  Bo 
boaUieH  bene  i  it  la  a  amatl  pUoe,  cod- 
tatnlncabeiitSIXIliibrtiltaata.  Therlrcr 
and  lie  focka&re  furdtUe  at  thia  place. 
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Big  3auia  Birtr,  £«iumi  F. 


Hi    3^ 
s|     IS 


i"-\i' 


idSboala  3 

■  SboaJ-.l  31 


.  TsktMidTiadai 

nTwioBiMbcTBSboa]..!  X.m  »£»«  i? 
'  Davll-a  KubUos  Bend  L 


Inno  which  an  eiocllen 
1«  taken  tn  aopply  I.oul 
.    Bockj  hanki  on  right. 
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8uevets  for  extension  op  the  chesapeike  and  ohio  canal  feom 
cumbeeland  to  pittsbubgh— pbbliminaby  eepoet. 

United  States  Engineer  Ofpioe, 

Cindnnati,  Ohio,  January  23, 1875. 
General  :  It  having  been  foand  impracticable  to  complete,  before 
the  middle  or  the  cloae  of  Pebrnary,  the  report  on  the  snrveya  made 
dnring  tbe  samiuer  aod  autaroD  of  1871  for  the  extension  of  the  Chesa- 
peake and  OhJo  Canal,  from  Gamberland  to  Pittsburgh,  I  directed  Col. 
P-7 
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ond  Sedgwick,  the  aasisttiiit  engiaeer  in  ehant^  ot  this  aarvey,  to  aetad 
ia  at  ODoe  a  preliminary  report,  in  order  that  CODgress  might  receive 
information  of  the  progress  of  the  sarvey  iu  time  to  take  Bnch  action«s 
might  be  deemed  advisable  ia  regard  to  the  completion  of  this  work. 

From  this  report  it  appears  that.the  line  of  the  canal  has  been  defi- 
nitely located  from  Cumberland  to  a  point  two  miles  north  of  Ohio  Pyle 
Falls.  The  sum  allotted  for  the  survey  was  insafflcient  to  carry  the 
work  beyond  this  point.  The  total  distance  surveyed  was  BeveDty-«igfat 
miles,  leaving  seventeen  miles  yet  to  be  surveyed  in  order  to  reach 
Connellsville,  at  which  place  it  ia  expected  that  the  canal  will  terminate, 
and  that  the  remainder  of  the  line,  to  the  mouth  of  the  Yonghiogheny, 
may  be  completed  by  slack-water  navigation  in  the  river  itself.  Kbe 
lower  portion  of  the  river  (from  West  Newton  to  ibs  mouth,  a  distance 
of  nineteen  miles)  was  surveyed  under  my  direction,  in  1S73,  by  Lieat. 
F.  A.  Mafaan,  engineers.  The  distance  between  Oounellavitle  anil  Weat 
Newton  is  twenty-four  miles.  There  are,  therefore,  yet  to  be  surveyed 
seventeen  miles  of  canal  and  twenty-four  miles  of  river.  The  reason 
why  the  survey  did  not  reach  Connellsville  was  on  account  of  the  ex- 
traordinarily difficult  nature  of  the  line,  made  yet  more  complicated  by 
the  occnpancy  of  the  narrow  valleys  by  a  railroad,  built  on  the  exact 
site  originally  chosen  for  the  canal.  Tlie  railroad  fully  doubles  the  dif- 
ficulties in  traversing  the  valley  ot  Wills  Creek. 

The  conclusion  thus  far  reached  is,  that  it  is  simply  impossible  to  con- 
struct a  canal  of  the  usual  type  between  Cumberland  and  the  sumaiit- 
level.  This  conclusion  substantially  holds  for  the  route  surveyed  in 
1873  by  way  of  the  Horth  Branch  of  the  Potomac  and  Savage  fiiver. 
Whichever  route  be  chosen'for  the  canal,  this  portion  of  it  must  of  ne- 
cessity be  wholly  or  partly  built  after  the  style  so  long  in  sncoeeafnl  Qse 
on  the  Morris  and  Essex  Canal ;  that  is,  the  ascent  of  the  heavier  grades 
by  inclined  planes.  On  this  canal,  at  places  where  the  lift  is  so  great 
that  it  woold  otherwise  require  many  locks  and  short  pools,  the  boats 
are  taken  on  carriages  whose  platfonns  conform  to  the  slope  of  the 
plane.  These  carriages  are  drawn  up  by  water-power,  obtained  from  a 
torbine  placed  at  the  lowest  attainable  position  and  supplied  with  water 
from  the  upper  level.  A  dam  is  thrown  across  the  end  of  the  npper 
level  in  order  to  retain  the  water,  and  this  dam  must  be  ascended  aiad 
descended  by  the  carriages,  thus  adding  to  the  total  distance  to  be 
lifted.  Where  a  single  plane  is  used,  the  whole  weight  of  boat  and 
carriage  must  be  lifted,  aud  the  total  friction  of  all  the  machinery  must 
be  overcome.  With  a  double  plane  there  is  a  partial  counterbalance. 
In  both  cases  the  work  to  be  performed  is  variable,  and  necessitates  a 
careful  management  of  (he  power  in  order  to  avoid  too  slow  a  motion  in 
one  case  or  too  rapid  a  one  in  the  other.  The  change  of  grade  at  the 
summit  is  particularly  disadvantageous,  as  at  the  commencement  of  the 
maneuver  both  carriuges  are  rising  out  of  the  water. 

To  avoid  these  difiiculties  Colonel  ISedgwick  pro|>Q8es  to  use  double 
planes,  and  to  transport  the  boats  iu  caissons,  in  which  they  will  be 
water-Dorne.  By  this  means  the  ascending  aud  descending  carriages 
will  always  exactly  counterbalance,  and  the  power  will  only  be  used  for 
overcoming  the  hurtful  resistance.s.  In  addition,  he  proposes  to  avoid 
the  crossing  of  the  dam  at  the  end  of  the  upper  level  by  using  gates, 
and  by  so  arranging  the  caissons  that,  by  means  of  these  gates  aud  of 
gates  in  the  caissons  themselves,  direct  commnnication  may  be  made 
between  the  water  in  the  upper  level  and  the  water  iu  the  caisson.  The 
boat  will  thua  pass  at  once  from  the  caisson  into  the  upper  level,  aud 
similarly  into  the  lower  one. 
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IitMa  preliminarj-  report  of  proKT«88  it  Ib  not  newasary  to  diBCass 
CbEM  pbnM  ia  detaiL  It  irili  sufllce  tu  state  that  wLether  caietons 
sliaoid  be  used  or  not  will  depend  upou  Bimilflr  celcDlatioDB  as  to  the 
vofk  to  be  doDe  with  or  without  their  ase.  The  Bystem  whi(^  promises 
Ibe  least  expeoditnre  of  water,  conaisteDt  nith  t-ffectireness  in  other 
Jiartiealxrs,  will  be  the  one  that  will  be  recommended  for  adoption. 

1  legttt  to  state  that  the  results  of  the  present  survey  will  yet  leave 
tha  MtiBates  incomplete.  The  work  tbat  will  reiuain  to  be  done  will  be 
M  Ibllows :  Seventeen  inilca  of  canal  survey,  Ohio  Pyle  to  ConRellsville ; 
tTenly-fonr  miles  of  river  survey,  (jonnellsville  to  West  Newton  ;  snr- 
vej  and  eetiiimte  of  sntnmit-reservoir ;  survey  and  estimate  of  auxiliary 
rettrvoir  nt>ar  suiiHnit;  gauginjr  rivers  and  creeks ;  reviision  of  special 
sections  of  former  line. 

The  sarveys  ami  estimates  for  the  main  summit-reservoir,  the  auxili- 
irj-reservoirs,  tlie  gHiiRiiiK  of  tiie  streams,  and  the  eieneral  question  of 
vater-snpply,  are  matters  thst  leqiiire  siiecial  attention,  as  tlie  practi- 
cability of  this  I'oiile  depends  entirely  upon  the  possibility  of  securing 
^nBdcqnate  supply  of  water.  I  think  that  this  can  lie  done;  but  we 
hav'eluid  do  time  as  yet  to  make  it  a  special  study.  It  is  quite  evident 
tbattliere  will  be  no  great  surplus  of  water,  and  that  the  reservoirs  wilt 
i^Dire  to  l>e  of  considerable  magnitude. 

The  last  item  has  been  included,  because  it  is  very  desirable  that  some 
I>ortioD8  of  the  line,  especially  that  part  in  the  valley  of  Wills  Creek, 
sboiild  receive  a  careful  revision.  This  valley  presents  extraordinary 
difficulties,  and  a  thorough  revision  of  some  of  its  worst  sections  is  ex- 
<!^liDgty  desirable.  From  a  careful  peraonal  examination,  I  think  that 
1  can  safely  say  that  no  canal  has  ever  been  built  on  a  line  presenting 
sath  Tormidable  obstacles  to  be  overcome  as  this  Wills  Creek  division. 
To  accomplish  the  work  marked  ont  above  would  require  two  parties 
nniier  one  chief.  The  first  party  should  complete  the  survey  from  Ohio 
Pyie  to  West  Newton.  The  second  party  should  study  the  question  of 
vater-Bnpply,  and  should  revise  the  line  in  difhcult  places.        *        * 

Xlieehief  of  the  whole  survey  should  be  employed  contiouonsly  until 
die  sorvey  is  tinished,  or  ceases  from  lack  of  aii  appropriation.  I  there- 
fore estimate  his  services  for  one  year. 

It  trill  take  the  first  party  about  three  months  and  a  half  to  flnisfa  tbe 
field-work  between  Ohio  Pile  and  West  Newton,  and  there  will  be  about 
three  months'  office-work  for  the  engineers  of  the  party.  The  second 
party  will  requu-e  about  fonr  mouths  for  fleld-work  and  three  months 
for  ofBee-work.  A  draughtsman  will  also  be  required  at  the  office  of 
the  chief  of  the  survey  in  compiling  the  general  maps  of  the  survey,  and 
ID  tuaking  drawings  of  the  locks,  aqueducts,  inclined  planes,  &c.  This 
"■ill  probably  occupy  him  for  a  year.  The  total  estimate  will  be  as  fol- 
lows: 

Cbief  of  Borrey,  13  months,  at  $300 83,000 

tfraagbtsmaD.  12monthB,at8150 l.BOO 

Kimt  parly,  31  moiithBiu  6uld,  at  Jl,465 S.iaS 

Cimtuart;-,  3iiiODthBiDonice,  Btf585 H,755 

)<«cona  party,  four  months  ID  field,  at  $1,110 4.440 

'^niKl  parly,  3  montUs  in  offlce,  at$435 1,305 

"ftite-rent 500 

18,528 
Contiogeneies,  8  per  cent 1,472 

Total  turn  required 20,000 

^Yhether  this  canal  route  be  adopted  or  not,  I  think  that  it  is  due  to 
tbc  important  interests  which  desire  it  that  a  full  report  should  be  made 
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as  to  its  practicability.  I  therefore  etrongly  recommend  the  grant  of  Qie 
snm  lierein  reqaeeted,  in  order  that  oar  two  years'  investigation  may  be 
brought  to  a  fitting  close. 

The  detailed  disoassioa  of  the  line  will  be  reserved  for  the  final  report 
on  the  surveys  of  1874. 
Bespectfally  anbmitted. 

Wk.  E.  Mebbill, 
M<0or  of  ^Engineer!, 
Brig.  Gen.  A.  A.  Hujophebts, 

Chi^  of  £jigineert,  U.  S.  A. 
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Office  of  the  Chief  of  Engineers, 

WiUikington,  D.  C,  October  20,  1874. 


IMPROVEMENT  OF  THE  OHIO  RIVER. — I3IPR0VEMENT  OF  MONONGA- 
UELA,  GREAT  KAJfAWHA,  AND  WABASH  RIVERS. — WATEE-GAUGES 
ON   THE   MISSISSIPPI   AND  ITS  TRIBUTARIES, 

Officer  in  cbarge,  Maj.  W.  E.  Merrill,  Corps  of  Engineers,  haying 
under  bis  immediate  orders  Lieut.  F.  A.  Mahau,  Ourps  of  Eugineers. 

1.  Improvement  of  the  Ohio  River. — Of  the  contracts  outstanding  at  the 
commeiiceuietit  of  the  ftscul  year,  those  for  dania  at  Chartier's  Creek, 
Wheeling,  Marietta),  Bnflingioii  Island,  atid  CiinUierlaiid  Island  have 
been  (ximpleted.  The  work  on  the  dike  at  Evansville  has  projjressed 
satisfactorily.  It  has  not,  however,  been  considered  advisable  to  pnah 
the  work,  because  it  was  thonght  liest  to  give  the  river  time  to  acconi- 
niudate  itself  gradually  to  its  new  channel.  The  bar  at  the  Evansville 
Landing  ban  already  L)een  reduced  several  feet  in  height,  and  the  engi- 
neer iu  charge  is  very  confident  that  the  cnn-ent  thrown  u[>on  it  by  tlie 
dike  will  eventually  complete  its  removal.  So  trouble  is  now  expeii- 
omed  here,  except  at  very  low  stiiges  of  the  river.  The  removal  <>■'  tlie 
Bucon  liock,  at  the  mouth  of  the  river,  was  begun  near  the  close  of  the 
year,  and  it  will  probably  soon  cease  to  be  an  ubatrnction. 

Dnriny  the  year  contracts  have  been  made  for  the  constractioii  of  a 
dam  to  close  Duck  Chute,  at  the  head  of  Brunot's  Island;  for  the  le- 
pair  of  the  old  dikes  at  French  and  Hemlerson  Islands;  tV>r  the  build- 
ing of  a  new  dredge  and  dump-scows,  and  for  the  construction  of  i\\\ 
iron  hull  for  a  uew  snag-bout.  The  Duck  Chute  dam  was  finished  la.tt 
season,  but  the  water  has  since  cut  new  outlets  around  its  ends,  which 
may  require  closing  at  some  fnture  time.  The  dike  at  French  I^iUiinl 
has  been  (completed  since  the  close  of  the  fiscal  year,  aud  that  at  Flen- 
derson  is  progivasing  rapidly,  and  will  be  completed  during  the  sensuii. 
These  are  l>otb  substantial  improvements.  The  dredge  and  scowr  were 
finished  last  season.    The  snag-btiivt  is  still  in  process  of  coustrnciion. 

The  dredge  Ohio,  after  completing  work  on  the  bar  at  Captina,  where 
she  was  on  the  first  of  July,  luxweeded  to  Bnttington  Island  and  remained 
there  until  the  end  of  the  season.  Work  was  resumed  the  pr^eiit  sea- 
son by  the  Ohio,  together  with  the  new  dredge  Oswego,  on  the  bar  at 
the  foot  of  Bruuot's  Island,  and  at  the  close  of  the  fiscal  year  the  re- 
moval of  this  bar  had  been  nearly  completed.  The  amount  excavated 
during  the  year  is  as  follows:  By  the  Ohio,  IJW)  cubic  yards  at  Captina 
Island,  and  40,33l>  cubic  yards  at  Buffington  ;  by  both  di'edges,  38,U3d 
cubic  yards  at  Brnnut's  Island. 

A  gi-eat  many  obstructions  have  been  removed  from  the  channel  this 
year  by  s])ecial  contracts.  Among  these  are  the  wreck  of  A  dry-dock, 
near  Oinciuaati ;  the  wreck  of  the  steamer  MciJullongh,  near  Madisou, 
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Intl. !  the  wrecks  of  several  coal-barges  at  Vevay,  Ind, ;  a  large  nnnbPT 
of  roeks  near  Miistapha  IhIhikI  aad  at  tbe  PnrkerHburt;)!  Kailroad  bridge, 
and  about  half  of  the  wreck  of  the  steamer  Missouri,  near  Evansville, 
Itid.     Many  snags  aud  smaller  wrecks  have  also  beeu  removed. 

The  officer  In  charge  gi\'es  a  descriptiou  of  the  difficulty  of  improTiug 
tbe  Lower  Ohio  on  account  of  the  grejit  maHses  oT  sand  and  gravel  that 
are  constantly  moving  down  in  this  part  of  the  riviT,  and  concludes  bis 
report  by  presenting  a  plnn  for  radically  imjiroviiig  the  Up[ier  Oliio. 
between  Pittsburgh  and  Wheeling.  He  recommends  the  eonstniution 
of  movable  dams,  Himilar  to  those  in  use  in  Fi-ance  on  the  Seine,  tbe 
Yonne,  the  Maine,  the  Meiisc,  and  tbe  Moselle.  Of  tbe  many  RyHtfms 
in  use  in  France  lie  ivvommends  the  adoption  of  tbe  "Chanoine,''^)- 
called  after  its  inventor.  By  this  system  dams  can  be  built  Avbicli  nill 
rnise'  tbe  water-surface  to  a  height  of  from  12  to  14  feet  above  the  M 
of  tbe  river,  but  which  can  be  thrown  down  in  a  few  minutes  when  tbett 
is  a  sufficient  natural  supply,  leaving  the  river  entirely  opcu  to  naviga- 
tion. Counecte<l  with  these  movable  dams  are  locks,  for  use  when  llie 
dams  are  up.  For  the  convenience  of  coal  fleets,  he  recommends  Iwts 
63*)  feet  between  gjitt^s  and  7i>  feet  wide.  Extra  gates  in  the  middle 
will  divide  the  lock  into  two  shorter  ones,  for  tbe  benefit  of  imcket-stwim- 
boats. 

The  approximate  estimate  of  the  cost  of  this  improvement  from  Piits- 
burgh  to  Wheeling  is  87,474,023.  It  is  believed,  however,  that  this 
estimate  can  be  reduced  when  the  detailed  surveys,  now  in  progress, 
are  fiuisbed. 

Estimate/or  the  next  fiscal  year  by  tlie  officer  in  charge. 

For  ronstractinc  13  locks,  betneen  Flttsbarsh  aad  WheuIiDS,  $200,000 

eadi $3,3(*,DW 

Fur  riigincering  aud  contfuKeDciea  of  lock-cuDBtnictioD,  5  pet  c«at 130,i<'> 

To  complete  iron  Bnag-boiil    3li,'^f' 

KiiliriiiR  expciises  of  twu  dredgee K,<t(' 

KuimiDit  tipenges  of  8naj;-lioat IHiiX" 

BnlUliQgdikesou  Lower  Ohio ITfl.l*" 

Office  expenses Maw") 

Total 3.OO0,(W 

Setimale  for  the  next  fiscal  year  as  recised  i'm  ttiis  Office, 

Fnr  constructinK  one  dam  and  lock  and  oue  weir  and  gate  near  Pitta- 

iHircb (6.U008 

For  nitjg-dMns,  dredgiug,  nml  removing  anagit  and  bonldeis. 2TU.IiiV 

Total im.m 

Balance  in  Treasury  of  tlnife^l  SIntes  Jnly  1,1873 230, 000  if 

AmuiLiit  in  Imnds  of  otlluer  and  anbject  to  liia  cliecb,  (incladiug  ^(^-30 

jiert'eiitage  dneon  contractu  not  yut  completad) S6,67S  IK 

Aimmiit  uupropriated  by  act  approved  Juno  23,1874 l.'iO,  000  V6 

AnniiiiiteJ^ndcddnrinK  the  fiscal  yeitr  Bndinjj  •''""'■"*,  1»74 207,**  47 

Auioiiiit  available  July  1,  1874,  (8L9'J,3ril.49-8J,a-25.&^) ll)4,e«!?l 

Amoniit  required  for  Ibe  fiscal  year  ending  Jaue  30,  1876 902,  OtW  «' 

(See  Appendixes  N  1  and  N  2.) 

Hydraulic  gates  and  movable  dams. — The  board  of  engineer  ofBcers 
constituted  to  examine  and  report  upon  the  plan  of  Mr.  F.  R.  Brunot 
fill-  movable  hydraulic  gates  fiirchntes  and  locks,  its  applicability  to  the 
tmpriivcmentof  tbu  Ohio  and  other  rivers,  and  to  estimate  tbe  cost  of  its 
coustructiou,  to  which  duty  was  subseijueuHy  added  tbe  general  cnu- 


sideration  of  the  whole  siibjpct  of  movable  hydraulic  fffites  and  of  all 
other  proposed  plans  tor  this  object,  snbmittcd  tlieir  linal  report,  which 
was  transmitted  to  Congress  at  its  last  session,  and  printed  ill  U.K.  Ex. 
Doc.  No.  127. 
(See  Appendix  N  3.) 

2.  Improvement  of  Monnntfakela  River. — The  progress  thus  far  made  in 
tlie  CQUstruction  of  the  lock  at  Hoard's  Kocks  has  been  slotr,  and  it  is 
not  probable  that  it  will  be  titiished  this  .season,  although  the  first  and 
most  difficult  courses  of  the  walls  will  be  lidtt. 

Two  additional  locks  and  dams  will  be  required  to  connect  this  im- 
provement with  the  slack-water  already  estahlislied  on  the  lower  river, 
or  theae  the  officer  in  charge  re i!oni mends  that  the  United  States  should 
huihl  the  upper  one,  leaving  the  other  to  be  built  by  the  Monongahela 
Navigation  Company. 

The  estimate  submitted  by  the  officer  in  charge  for  the  next  fiscal 
year  is  $I32,0IH)  to  complete  the  improvement  in  progress  at  Hoard's 
iiocks,  and  in  addition  to  construct  a  lock  at  or  near  Cheat  Kiver  Hippie. 

IlittHilce  in  Treamirv  of  tlie  Unitud  Statiw  Jnlj  1,  IfT.l (WO.  (MM)  00 

it^rhict  amount  eiptiiilBil  in  liwt  tiauul  .vbui 4l«l  14 

Aiiionnt  BpiiroprUtiMl  by  nut  anprovudJiiiie  23,  l'>74 2ri,  (kW  in) 

Amount  ex (lenileil  dnrinc  tliR  IimohI  vear  rijiliii^  .I<iii>- :tO,  n^4 <1. 1-JU  l:t 

Aiiiiiiuit  nvailithlf  .July  1,  1«!4,  (8liH,470.7;l  — Wn^l.'*!  ) lOf.Otti  i^il 

Aiiiiiiiul  Teqiiired  fur  the  H^iil  veareudiug  Jimc^tU,  IHTti,  (nareviiiMt  iu  this 

Office) ■- 22,001)  UO 

( See  Appendix  IT  4.) 

3.  Improrement  of  Great  Kanairha  Hirer. — The  officer  in  charge  reports 
the  condition  of  this  improvement  up  to  August  l.'j,  at  which  date  the 
work  was  transferred  to  the  charye  of  Mhj.  \V.  P,  Oraighill,  Corps  of 
Engineers. 

The  contracts  outstanding  at  the  commencement  of  the  fiscal  year  for 
works  of  inipruvement  at  HIk  Shoal  and  at  Two-mile  Shoal  have  been 
satisfactorily  fulfilled.  The  contractor  has  been  ndeasod  from  his  obli- 
gatictu  to  construct  a  ilike  at  Cabin  Civek  Sliwds;  aeareful  examinatiou 
ofthe.Tiver  at  this  point  having  Siitistied  the  engineer  iu  charge  that 
the  proposed  work  would  not  answer  the  purpos<.^  for  which  it  was  in- 
tended. 

A  crane-boat,  fitted  ont  with  a  large  grapple  and  towed  by  a  small 
.steamboat,  worked  fourteen  days  last  fall  and  thirty  one  days  the  present 
.season  in  Jrernoving  rocks  and  snag-i  from  t!ie  ciiunnel  of  this  river.  Thi  s 
work  has  given  great  satisfaction  to  the  navigation  interests. 

As  the  navigation  of  this  river  wiU  donbtle.ss  ultimately  be  improved 
by  the  use  of  locks  aTid  dams,  the  oihcer  now  in  charge  of  it!i  inipiiive- 
inciit,  Mi^or  Craighill,  suggests  that  to  commence  this  system  an  appro- 
priation of  not  less  than  81.50,tHK)  should  be  made  for  the  year  ending 
June  30, 1»7«. 

Should  Congress,  however,  decide  to  defer  entering  upon  that  method 
of  improvement,  but  to  continue  the  uus.itisfiidtory  and  insufficient  pro- 
cess now  pursued  of  operating  upon  the  shoals,  the  sum  of  $15,000  is  all 
that  will  bereiiuired. 

JliiUnce  in  Tmaoiiry  of  l-'nitetl  SUtea  July  1,  1873 §25,  OW  00 

Pi'iliict  amiinet  expeiideil  iu  last  liwul  year 'JTti  H^. 

Amount  Bpptopriaced  by  act  appro ve<l  June  2),  1374 2r>,000  01) 

AuKXint  expvuiloil  dariiiK  tbiitiMul  veur  eiuHntr  JnunW,  ltJT4 I4,:iti  H 

Auianotavailublu  Jnly  1,  1(J74,  (*;Ki,:H4.fl— ?^U0.fi4.) M,f>a4  «7 

Aiiii>iintre<|nlriKl  f..r  flip  fiscal  jfur  endinn  Jhub  au,  1M70 ir)0,UOU  00 

fSee  Appendix  No.)  r^  i 
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4.  Improvement  of  Wabash  Rlrer. — The  eontracta  for  8ii»gjni>Sf><' 
dredging  in  the  lower  river,  Jinti  tor  rock-excavatiou  and  \riug-d)uii  at 
Cofieo  Island  Chtite,  have  bepii  onnipleted. 

A  contract  n-as  entered  iiitt)  in  August,  1873,  for  23,000  cuhic  janls 
of  rock  excavation  at  the  Grand  Chain,  thirty-eight  miles  fmin  liie 
month  of  the  river.  Thin  work  has  been  proaevuted  aatisl'aotorilj  thns 
far,  and  will  probably  l>e  completed  by  Deceuibei"  1, 1874,  as  coBtem- 
plated  by  the  terms  of  the  contract. 

The  officer  in  charge  deetus  it  indispensable  that  the  lock  and  dam  at 
Grand  Kapida  should  be  reconstnieted.  A  survey  of  the  river  in  tlie 
vicinity  of  tliese  rapids,  uoiuiiletHl  since  the  close  of  the  fiscal  yenr, 
proves  this  point  to  be  the  bret  site  for  the  rebuilding  of  the  lock  and 
(lam,  since  the  lowness  of  the  banks  of  both  the  Wabash  and  Wliite 
Eivers  rendei-sit  inespedienl  to  place  them  at  White  Kiver  Shoals, asil* 
which  it  was  hoped  would  l)e  fomid  eligible,  inasmnch  aa  a  dam  brre 
would  materially  improve  the  navigation  of  the  White  Biver,  and  nttlie 
same  time  obviate  the  neeeasity  of  further  improvement  of  those  slioals- 

The  estimate  of  the  amount  required  for  the  next  fiscal  year  includes 
the  clearing  out  of  the  chute  east  of  the  Little  Chain. 

Segotiationa  have  been  commenced  with  the  Wabash  Navigiilion 
Company  looking  to  the  pni-chase  of  all  their  rights  over  tbe  free  iiav- 
igation  of  this  river,  as  contemplated  by  the  proviso  attached  to  tbe  last 
appropriation  for  continuing  this  improvement.  After  the  extinguisb- 
nient  of  the  rights  of  this  company  if  is  hoped  that  sufficient  fnuils  «ill 
be  left  of  this  latter  appropriation  to  construct  »  dam  to  close  tbecQl- 
ofl'  at  Kew  HurmoDj. 

BulnnteiuTreMuryofUuitedStflt^Bjuly  1,1873 865,000  00 

Auioiiut  Id  bonds  nf  nfticer  ami  sn1>|ei:t  to  \iw  clirck  (iiicliiiling  92,772,83 

l.eicentage  (luii  irn  contracts  m)t  v.it  conipltted)  Jul v  1,  It73 6,M3  ** 

Amount  appr»i[irmte<l  by  net  a|i|ir«vu(l  Jmia  21,  IHTi SS,WW  W 

Aiiimint  espetnleil  liiiriuR  the  liscal  vi^ar  eudinc  Jiniw  :{0, 1874 4T,Ki?  '' 

Aiiiountuvailiilile  Jnlv  1,  lS74,(S47,l)i-4.U5  — ia,e47.s01 4B,:01S 

AuiDiiut  rtqniri'd  for  the  fiscal  jx-ur  ouiliug  Juuu  :»,  l(?rG. ISO.WI)  W 

(See  Appendix  N  6.) 

5.  Water-gauges  on  the  Minsissippt  and  its  tribtitariss. — One  new  gang^i 
that  on  the  Cumberland  Kiver  at  Nashville,  has  been  added  to  tbesvs- 
ti  in  during  the  year,  and  the  gauges  at  St.  Louis  aud  Cain)  have  been 
thoroughly  and  permanently  reconstructed.  The  tower  Louiaville  pails'^ 
h-is  al:io  been  revut  upon  the  walls  of  the  lower  canal-lock,  the  origi'i^' 
giitduation  of  thia  gauge  having  been  erroneous. 

It  is  deemed  adviaable  to  ret-onstruut  all  these  gauges  in  a  permanent 
niauuer,  as  rapidly  as  the  avajhible  funds  will  perndt,  whenever  tlifl 
banks  are  suiliciently  stable  to  warniut  sut-h  a  voiistruutiou. 

The  records  of  the  flood  of  1S7+,  collectwl  thia  year,  will  be  of  pei?^ 
importance  in  the  discussion  of  the  problem  ol  reclaiming  the  allu^'i^' 
lands  of  the  Misaissijtpi.  These  have  been  placed  m  the  hands  of  tlie 
cnmmission  appointed  for  that  pui-i>ose. 

Balance  in  Treasury  of  United  States  July  ljlP73 ^,W?  !* 

AniouDt  ill  bandit  of  ofllocT  ami  subject  to  Ins  ctiech SH  ■" 

Anioiiut  allotted  from  apuronriatiou  of  June  ti3,  li!74,  for  examinations  and 

Nurvojs 5.0W"0 

Aniiiiiut  pxpended  during  the  fiscal  year  oudiug  June  30,  1^74 ^'''"   ,, 

Amount  avaUablti  July  1,  1874 5,0«J  31 

(See  Appendix  N  7.) 
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EZAUINATIONS  AND  SUBVETS  FOB  lUPBOTBMENT, 

The  exploratioD  of  routes  for  the  exteiuion  of  the  Chesapeake  and  Ohio 
Canal  to  the  Ohio  Biver  by  the  oortli  and  south  braDcliea  of  the  Poto- 
nine,  direct«d  by  the  aet  of  March  3,  1873,  was  completed  under  the  di- 
revtioD  of  Major  Merrill,  and  the  report  thereon  transmitUid  to  Congress 
at  it«  last  session,  and  printed  in  H.  K.  Ex.  Docs.  Nos.  aOS  and  265 

(See  Appendix  N  8.) 

The  survey  of  the  Yonghiougheny  River,  Pennsylvania,  also  provided 
for  by  the  same  act,  has  likewise  been  completed  under  the  direction  of 
Major  Merrill.    For  the  report  thereon  see  Appendix  N  9. 
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ANNUAL  REPORT  OF  MAJOR  \VM.  B.  MERRILL,  CORPS  OF  EN- 
GINEEKa,  FOR  THE  FISCAL  YEAR  ENDISG  JUNE  30, 1874. 

United  States  Engineer  Office, 

Cincinnati,  Ohio,  September  1, 1874, 
r  Ggnebai,:  I  have  the  honor  herewith  to  trausniit  annual  reports  ou 
the  works  nnder  my  charge  for  the  fiscal  year  ending  June  30,  1874. 

Lieut.  F.  A.  Mabau,  Corps  of  Engineers,  has  been  my  military  assist- 
ant daring  the  year,  except  from  December  8,  1873,  to  M.iy  14,  1874, 
inclusive,  during  which  time  he  was  on  temporary  duty  at  Savannah, 
Ga.,  ander  the  orders  of  Lieut.  Col.  Q.  A.  GiUmore,  Corps  of  Engineers . 
Very  re8i>ectfully,  your  obedient  servant, 

Wm.  E.  Mebrill, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A. 


IMPHOVEMENT  OF  THE  OHIO  RIVER. 
At  the  beginning  of  the  fiscal  year  the  following  contracts  were 
outstanding. 


Rnptilr  Df  Chartlvr' 
ItopBlrof  WbwIlDi 

RepAlrofdamantl 


Ulller  &  BetUrO. 


Ckarfier^a  Creek  rfam,  three  miles  beloic  Pittsburgh. — ^This  dam  was  wia- 
pleted  iu  Auguttt,  1873,  and  tbe  coutract  was  closed.  Tlie  total  aiuoQut 
of  stone  expended  uud<;r  tbis  coutriict  was  32,480  cubiu  yards.  It 
lias  answered  its  purjw&e  satisfactorily.  It  closes  tbe  left  chauuel  at 
Brniiot's  Island,  tbrowing  all  tbe  water  in  low  and  ordinary  stages  iulo 
tbe  Glass-lionse  Cbannel. 

Wheeling  ^am,  ninety  miles  below  Pittsburgh. — The  repairs  of  this  ikm 
were  finished  in  August,  1873.  They  required  iu  all  3,5((8  cubic  yardsof 
stone  and  425  cords  of  brush.  It  closes  the  right  or  Ohio  channel  at 
Wheeling  Island,  thus  increasing  tbe  low-water  volnme  in  tbe  otkr 
cbannel. 

Marietta  Island  dam,  one  hundred  and  sixty-eight  miles  below  FitU- 
bvrgh. — This  dam  is  at  the  bead  of  Marietta  Island,  and  closes  the  ri^'bt 
or  Virginia  Channel.  Tbe  work  of  repairing  tbis  dam  was  complvtfd 
in  September,  1873.  It  reqnired  8,304  cubic  yards  of  stone  andl'J 
cords  of  bru'sh.  It  backed  np  the  water  so  much  more  than  I  bad  ts- 
pected  that  I  thought  it  expedient  to  strengthen  it  by  a  brush  and  pile 
dam  below,  and  thus  divide  the  fall,  which  at  certain  stages  was  as  gnat 
as  5^  feet,  and  was  more  than  I  considered  it  prudent  to  attempt  to 
sustain  by  a  dam  of  loose  stone.  I  therefore  bad  an  auxiliary  d^m 
hnilt,  whose  upper  line  was  placed  50  feet  below  tbe  lower  edge  of  the 
main  daui,  with  its  top  surface  3  feet  lower  than  that  of  the  latter. 
This  auxiliary  dam  was  made  as  cheaply  as  ^wssible  of  two  row ^  uf 
I>iles,  6  feet  apart,  with  30  feet  betweei)  tbe  rows,  and  the  inclosed  space 
was  filled  with  brush,  weighted  down  with  stone.  Some  stone  hdiI 
brush  were  likewise  used  in  protecting  the  banks.  This  auxiliary  work 
letjuired  an  expenditure  of  316  piles,  5,941  cords  of  brush,  ana  4,5J3 
cubic  yards  of  stone.  There  has  been  no  trouble  in  using  the  right 
channel  since  the  left  one  was  closed,  except  oceasionallj  at  the  li»t 
and  opposite  tbe  mouth  of  tbe  Muskingum.  This  river  sometimes 
throws  out  a  mass  of  sand  and  sediment  that  occasionally  troubles coul- 
lieets.    Tbis  difficulty  has  lately  been  removed  by  dredging. 

Buffington  dam  and  dike,  tiro  hundred  and  fourteen  miles  below  ,Pillt- 
burgh. — These  works  were  finished  in  September,  1873.  The  total 
amount  of  stone  expended  on  both  was  26,073  cubic  yards. 

Evangville  dike,  seven  hundred  and  eighty-three  mites  betmc  Pittsburg— 
At  the  close  of  operations  in  1873,  this  dike  had  been  finished  for  a 
length  from  shore  of  1,025  feet.  I  directed  Mr.  Charles  B.Ba(einai). 
assistuntengineer,  the  inspector  of  tbis  and  Henderson  dikes,  toexainiue 
the  dike  occasionally  dunug  tbe  wint«r,  and  especially  to  report  aiiy 
effect  that  might  be  produced  on  tbe  sand-bar  at  the  upper  end  of  tlie 
city,  for  the  removal  of  which  the  dike  was  designed.  He  reported  on  the 
31st  of  Beccmher  that  the  deposit  on  tbe  wharf  from  the  recent  ri.'eis 
much  less  in  quantity  thau  usual  j  also  that  from  tbe  line  of  the  higlifst 
water  said  deposit  is  clayey  mud  down  to  about  the  20  foot  line,  from  wbii'li 
Hue  down  it  consists  of  sand  and  gravel  in  patches  evidently  washed 
from  the  bar.  •  •  •  The  current  during  the  rise  and  since  the  river 
has  commenced  falling,  has  been  decidedly  on  tbe  Indiana  shore,  the 
drift  giving  considerable  trouble  to  steamers  and  wharf-boats  at  the 
landing. 

On  the  .^Oth  of  March  he  wrote : 

I  observe  ttiat  during  tiio  seTeral  riaea  of  the  past  few  months  there  hu  been  m  ^^' 
posit  ou  the  whurf  below  2;t.50  feet  on  the  gauge  at  that  atage,  and  beloic  a  atcoug'"'^ 
rent  awoeiia  tlie  ludiaua  shore  ixom  the  water-works  down— the  ettoct,  it  is  presuioed, 
of  Ihe  dike. 


jdbyGoOglC 


On  the  23(1  of  Mny  htf  writes: 

S<inndin)t8  were  taken  over  the  bar  fhim  Mulberry  street  to  Main,  when  the  river  was 
at  12  feet  by  tbegaoge,  and  wore  as  fullows  : 

On  biKliest  part  of  the  bar,  opposite  Mnllierry  etreet 7.50 

0|>poBile  Cherry  street —       H.  60 

0p|M)ei4  Chestu lit  street ■- 9.00 

Oppoaite  Walnut  street 10.50 

Opposite  Locost  street 12.00 

Bolon-  LikiiibC  street,  no  bottom  nt  12  feet,  showing  that  at  least  fonr  feet  has  been 
taken  oS'  the  bar  ilurinc  the  past  winter.  The  cnrreDt  on  tbia  ai<le  is  stronger  tlian 
before,  and  tliere  is  evidently  a  channel  cut  along  the  scour  made  aloug  the  bar  during 
the  winWr  of  1872-'3. 

On  the  Ist  of  Jnne  he  writes ; 

On  the  bar  in  fVont  of  the  city  I  made  sonndinKO,  and  fciund  one  little  ridj^  npposjte 
the  wat«r-work8,  near  the  shore,  which  is  now  four  feet  above  low  mat^r.  No  other 
part  i)r  the  bar  will  be  more  than  2.50  above  low  water  when  dry.  Oppc«ite  the  foot 
of  Main  street,  where  the  bar  used  to  be,  there  will  be  six  fevt  at  low  water. 

The  dike  itself  is  firm  and  solid,  and  a  large  sand-bar  has  formed  l>e- 
low  it.  The  dike  will  be  extended  300  feet  further  during  the  present 
season.  I  have  purposely  kept  this  work  back,  in  order  to  give  tbe 
river  time  to  accommodate  itself  to  the  new  course  marked  out  for  it, 
A  rapid  constmctioa  of  the  dike  would  have  caused  so  great  a  scour  at 
its  outer  end  as  to  materially  increase  its  eost.  At  present  the  pocket 
behind  the  bar  has  been  filled  by  material  washed  int«  it  from  the  bar, 
and  more  or  less  of  the  same  is  scattered  along  the  city  front,  making 
landings  difficult  in  low  water.  This  temporary  annoyance  conld  not 
have  been  prevented.  The  bar  is  still  so  high  that  in  extreme  low  water 
it  outs  off  the  river  current.  When  the  bar  is  entirely  washed  away 
these  troublesome  deposits  will  depart  with  it.  I  consider  this  dike  a 
marked  success  in  its  effectiveness,  its  strength,  and  its  cheapness.  All 
future  dikes  in  the  Lower  Ohio  will  be  built  in  a  similar  manner. 

Cvmbf.rlanH  dam,  nine  hundred  and  seven  miles  belotc  Pittsburgh. — The 
repairs  on  this  dam  were  cornjileted  in  December,  1873,  under  contract 
with  Messrs,  Miller  and  Bpdanl. 

Tbe  tot^il  amount  of  stone  nsed  was  20,187  cubic  yards.  Owing  to 
the  long  duration  of  high-water  last  nnluuin,  at  a  time  when  the  river 
is  usually  at  its  lowest,  it  was  impossible  to  finish  this  work  as  com- 
pletely as  was  desired,  as  during  the  last^  six  weeks  tbe  dam  was  contin- 
uously under  wat«^r.  I  made  as  close  a)>ersoual  ius[>ectiou  as  was  prac- 
ticable, and,  feeling  satisfied  that  nothing  more  could  be  done  to  advan- 
tage, closed  the  contract.  Uuring  high-water  of  the  winter  and  spring 
the  dam  was  subjected  to  a  severe  test.  All  of  the  new  work  except  a 
small  section  about  100  feet  in  length  stood  very  well,  but  to  my  sur- 
prise tbe  river  leveled  down  a  large  part  of  the  old  work  which  had 
been  standing  for  over  thirty  years,  and  was  assumed  to  l>e  safe  and 
strong.  During  the  present  season  I  called  for  proposals  for  bringing  this 
part  of  the  dam  up  to  grade,  and  let  the  new  contract  to  Mr.  Bedard, 
the  active  member  of  the  old  firm  of  contractors.  He  bid  at  his  old 
]»rice,  which  was  considerably  lower  than  the  jirice  offere<i  by  any  other 
bidder.  Six  thousand  yards  more  will  be  placed  in  the  dam,  and  there 
is  reason  to  believe  that  this  amount  will  make  it  safe  and  substantial. 
There  will  always  be  a  strong  pressure  against  it,  as  the  high- water  cur- 
rent is  over  the  dam,  and  therefore  deposits  will  annually  form  in  tbe 
chute,  which  must  be  removeil  by  the  current  as  the  water  falls  and  is 
forced  by  the  dam  into  the  chute.  Thus  far  there  has  been  no  serious 
trouble  with  the  new  channel  at  tbe  head  of  Ouruberlaud  Island,  but 
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tbat  at  tlie  foot  nf  tbe  island  is  cbaogeable,  and  will  probably  require 
some  voiiKtruetion  to  fix  it. 

Bticon  Jiock,  nine  hundred  and  sirtyseven  miles  behtc  Piltsbiir(/h.—Th\i 
rock  was  t'oniierly  oa  tliti  Missouri  shore  of  the  Mississippi  I{iver,bDt 
owing  to  tbe  ^adiial  chnoge  of  tbe  channel  of  the  Mississippi  it  is  nav 
in  the  Ohio  Kiver,  though  a  slight  wash  of  the  aand-bar  between  the 
two  rivers  would  throw  it  into  the  Mississipjii.  It  is  a  very  seH^us  oli- 
Blructioti  in  low-water.  The  contractors,  Miller  and  Bedard,  did  noth' 
ing  tor  the  lemoval  of  this  rock,  and  their  contract  was  declai-ud  for- 
feited. One  of  their  snreties,  Mr.  M.  A.  Brysou,  thou  claimetl  the  rigbt 
to  complete  the  contract,  and  his  right  was  acknowledged.  During  loir- 
water  last  seuaon  be  made  some  preparations,  aud  waited  for  tbe  water 
to  fall  before  commencing  work.  Contrary  to  custom  the  river  rose, 
and  remained  up,  oouseqaeutly  uothing  was  done.  During  the  present 
season,  at  my  auggestiou,  he  employed  Capt.  K.  W.  Dugan,  of  the  Cia- 
cintiati  Wrecking  Company,  to  do  the  work  for  him.  At  thecloseof  the 
yearCapt^iin  Duganhiidcxploded,  by  surface-blasting,  a  large  number  of 
charges  of  dynamite  ou  the  rock,  aud  had  entirely  broken  up  ita  shell. 
He  found  the  iuterior  of  the  rock  (which  is  a  pudding-stone)  to  he 
mainly  loose  gravel.  This  will  be  removed  by  a  dredge,  aud  before  this 
report  reaches  Congress  the  Bacou  Rock  will  probably  be  a  thing  of  the 
past. 

HEW  CONTRACTS. 

The  following  new  contracts  were  made  during  tbe  fiscal  year  jnxt 
past: 
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Work. 

CODtnctoT. 

1«0 

s 

Rppnlrof  oWilikeRlFreapiilBiiioli 

Swm^  f™  Mid  3t«l  -WiBh. 

^ 

c™«rao.i™ori™..D.»:.i™tbJu 

Duck  Chute,  two  miles  below  Pittsburgh. — Duck  Chute  is  a  small  clian- 
nel  across  the  bar  at  the  head  of  Brunot's  Island,  and  uear  tbe  higb 
land  of  the  island.  It  is  asoally  dry  at  extreme  low-water.  It  vaa 
necessary  to  close  it,  as  the  current  through  this  opening  drew  coiil- 
deets  out  of  the  channel  leading  into  Glasshouse.  Tbe  dam  was  lin- 
ished  in  September,  1873,  having  consumed  1,095  cubic  yards  of  stone. 
It  entirely  closed  the  channel  across  which  it  wjis  built,  but  the  pressure 
of  water  iu  that  direction  was  so  great  as  to  cut  out  the  gravel  at  each 
end  of  the  dam,  and  as  much  water  now  escapes  as  before  its  construc- 
tion. If  the  radical  improvement  of  tbe  Ohio  be  inaugurated  it  ndl 
probably  be  unnecessary  t«  extend  this  dam ;  if  the  contrary  be  the  case, 
its  extension  will  be  very  necessary. 

French  Island  Dike,  seven  hundred  and  sixty  miles  below  PittsburgK— 
Since  the  close  of  the  fiscal  year  this  dike  bas  been  completed,  as  also 
some  slight  repairs  to  the  dike,  extending  down  from  near  the  foot  of 
the  island.  The  work  has  given  great  satisfaction  to  the  Louisville  and 
HeudersoD  packets,  as  French  Island  was  the  shoaleat  place  on  their 
route.  Tiiree  and  a  half  feet  is  as  much  as  I  think  can  be  depended  on 
in  extreme  low-water,  though  the  contractor  thinks  he  can  guarantee  i 
feet.    A  greater  depth  might  be  secured  by  a  greater  coQtraction,  bat 
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that  18  inadmissible  on  aeconut  of  the  coal-int«rest.  The  following 
quantities  of  innterial  were  used :  '2,S15  eubic  yanla  of  stoue,  5,4(ii)  corda 
of  brash,  and  705  piles.    The  total  length  of  the  new  dike  is  ^,000  feet, 

Henderson  Island  TMke,  seven  kumlreti  and  ninety-sei^en  miles  helmc  Pilts- 
burtfh. — M  the  close  uf  1873  this  dike  had  been  extended  into  the  river 
1,0<KI  feet.  Its  effect  wiis  excellent  from  the  first,  a  good  chaiiiie)  hav^- 
inglieon  maintained  throughont  the  tow-water  season.'  Unfortunately 
this  good  effect  was  not  lasting.  During  low-water  of  Jane,  1374,  the 
slight  obstrnctiou  to  the  flow  of  the  river  occasioned  by  the  dike  wi\s 
enough  to  cause  the  chitnnel  behind  the  island  to  cat  oat,  and  in  ex- 
ti-eme  low-water  steamboats  hml  to  take  that  route.  This  channel  was 
very  narrow  and  intricate,  and  was  full  of  snags  and  water-soaked  logs, 
making  an  exceediugly  bad  place  for  steamboats,  and  one  tjnite  im- 
practicable by  night.  I  made  a  careful  personal  examination,  llndiog 
3^  feet  at  the  head  of  the  chate,  and  less  than  3  feet  in  the  old  channel, 
the  river  being  a  foot  or  two  above  dead  low.  No  steamboat  could  get 
through  tlie  chute  without  bitting  at  least  one  log.  I  concluded  that 
tlie  proper  remedy  was  to  close  the  chute  eutirely  by  n  pile  and  brush 
dam,  thus  forcing  all  the  water  through  the  channel  marked  out  for  it. 
This  work  was  ajiitfoved  by  you,  and  is  now  auder  way.  At  present  the 
dike  is  finished  for  a  distance  from  shore  of  1,050  feet,  and  piles  have 
been  drived  for  an  a«lditional  <listaDce  of  250  feet.  It  will  be  extended 
to  »  total  length  of,  l,uOO  feet. 

I  have  al  ways  been  apprehensive  of  the  possible  need  of  a  dam  behind 
Henderson  Island,  but  1  was  anwilling  to  spend  the  money  needed  to 
build  it  anCil  its  necessity  was  demonstrated,  and  the  fact  that  in  former 
years  no  such  dam  had  been  built  8trengthene<l  me  in  my  conclusion 
that  it  uiigbt  prove  unnecessary  now, 

A'eir  dredge  and  dnmp-scoics. — The  new  dredge  Oswego  and  two 
dxirap-scows  bave  been  built  by  Mr.  S.  B.  Alger,  under  his  contract  of 
July  11, 1873.  The  hull  of  the  dredge  is  73  feet  long  ami  30  feet  wide, 
with  5  feet  9  inches  depth  of  hold.  iShe  draws  3  feet  8  inches  of  water 
when  loaded  with  600  bnshels  of  coiil.  Her  cylinders  are  10  inches  in 
diameter,  with  14-incb  stroke,  and  she  is  provided  with  one  of  King's 
marine-boilers,  having  eighty  3-inch  return-fines.  A  steam  hoisting-ap- 
paratus is  provide<l  for  the  forward  spnds,  and  a  st«am-capstan  for 
III  a  n  en  ve  ring.  The  clntch  nsed  is  Alger's  patent  friction-clutch.  It 
is  somewhat  liiible  to  breakage,  bat  when  in  order  works  rapidly  and 
well.  By  making  it  of  steel,  and  keeping  a  s)>are  clutch  on  hand,  there 
nt*ed  be  no  serions  loss  in  case  of  accident  The  scows  are  side-dump- 
ers, with  bins  capable  of  holding  71  cubic  yards.  They  are  65  feet  ia 
length  and  '20  feet  in  width,  and  have  4  feet  depth  of  hold.  They  are 
bniit  without  crown  or  sheer,  and  draw  when  empty  15  inches.  They 
can  carry  50  cubic  yards  of  gravel  on  3  feet  0  inches  of  water.  The 
contract  price  of  dredge  and  scows  was  $18,500.  Au  additional  sum  of 
$2,000  was  spent  on  outfit,  staking  the  total  cost  of  dre4lge  and  two 
Bcows  about  $20,500. 

Iron  hull  snag-boat. — The  contract  for  building  the  hull  of  the  iron 
snag-boat  tor  the  Ohio  was  taken  by  the  Swift  Iron  and  Steel  Works,  at 
$84,350.  Daring  the  winter  but  little  work  was  done,  on  account  of  the 
financial  depression  and  of  strikes  at  the  works.  At  present  everything 
is  progressing  rapidly,  and  the  hull  is  about  one-third  hnisbed.  Its  con- 
straction  will  anpply  aloug-lelt  need. 

Ih-aveling  sands  in  tMe  Ohio  below  the  falls. — The  greatest  obstacle  to 
the  snccessftil  improvemtjjit  of  the  Low^r  Ohio  comes  from  the  enormous 
s  of  sand  and  gravel  that  travel  down  stream  during  every  rise. 
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Behind  the  dikes  at  French  anrl  Henderson  iaUnda,  aud  at  EvansriUe, 
Harul-b)ii'8  have  formed  us  high  as  the  dike»i,  and  ip  places  where  befure, 
or  during  their  construction,  there  wasdeep  water.  At  the  (Jiuabeiiinil 
Island  end  of  the  Cumberland  dam,  where  last  season  tiiere  was  »bont 
10  feet  of  water,  there  was  this  seattoii  10  feet  of  sand,  showing  a  deposit 
of  20  feet  in  one  seiison.  The  sand  betiind  the  dikea  mentioned  above 
is  niixeil  with  gravel,  and  as  it  is  im)>ossible  tor  gravel  to  be  carried  in 
suspension,  it  must  have  rolled  along  the  bottom  The  up-stream  sides 
of  the  dikes  are  vertical,  or  nearly  so,  and  1  can  see  but  two  wa>'Bfor 
the  grave!  to  get  over  the  dike,  it  might  have  reached  the  up|>er  liw 
of  tbii  dike  and  there  got  attached  to  ice  which  carried  it  over  wheu  ihe 
river  rose,  aud  then  dropped  it  below  the  dike.  This  action  bus  nn- 
doubtedly  taken  place  at  Lonisville,  at  the  revetted  slope  on  th6^l^ 
stream  side  of  the  dam  at  the  head  of  the  falls.  The  other  snpposttiuK 
is  that  in  high  water  the  bottom  of  the  river  was  raised  by  (ie[K)sh;lo 
the  level  of  the  dike,  and  that  before  the  dike  became  visible  the  deposit 
on  its  up-stream  side  was  washed  away.  This  1  thiuk  the  more  proba- 
ble oxplaimtion,  especially  in  view  of  the  fact  that  during  the  ice-imriod 
of  hist  winter  all  of  the  dikea  were  submerged  many  feet.  There  is 
abundant  additional  experience  to  nbon  that  during  high-water  the 
bottom  of  the  river  is  habitually  raised  by  de[>osit,  and  that  tlie  toff- 
water  chaunel,is  subsequently  cut  out  of  it  as  the  river  fails.  Thia  con- 
dition makes  the  radical  improvement  of  this  part  of  the  Ohio  a  matter 
of  serious  difticulty.  A  further  discussion  is  reserved  for  the  report  on 
the  radical  im]>rovement  of  the  Ohio,  which  has  been  ordered  for  tie 
Senate  Committee  on  Trausportation. 

DREDGINO, 

The  work  of  dredging  has  been  vigorously  prosecuted  during  the  y««r, 
under  the  direction  of  Mr.  E.  J.  Carpenter,  assistant  engineer.  On  the  1st 
of  July,  1873,  the  "Ohio"  wasatCaptina.  The  cut  at  this  place  was  lin- 
ished  by  the  removal  of  360  more  yards,  aud  the  dredge  was  moved  to 
BuBington  Island.  The  "Ohio"  continued  work  on  the  bar  at  this  place, 
winch  is  one  of  the  worst  on  the  river,  until  compelled  by  cold  weather  tfl 
lie  up.  She  dredged  8,083  cubic  yawls  in  July.  10,285  in  Aueust,  ll,90i 
in  September,  0,602  in  October,  aud  2,760  in  November,  making  a  total  of 
40,596  cubic  yards.  During  the  last  month  the  new  dredge  Oswepo 
joined  her,  but  neither  dredge  could  do  much,  oti  account  of  high- water. 
The  work  of  the  ''Oswego"  amounted  to  but  little,  as  all  of  her  machinery 
was  new  and  required  to  be  worked  into  smooth  running.  The  httle 
dredging  done  by  her  has  be«n  credited  to  the  "  Ohio." 

The  dredges  were  laid  up  at  Marietta  iu  the  mouth  of  the  JMuskingnm 
until  the  1st  of  May.  They  were  then  sent  to  Pittsburgh  toremove  tic 
bar  at  the  foot  of  Brunot's  Island,  which  gave  great  trouble  to  coal- 
fleets.  Sixt*?en  thousand  two  hundred  cubic  yards  were  removed  in 
May  and  21,839  in  June,  making  a  total  of  38,038  cubic  yards  removed 
from  the  bar.  Xo  further  ditliculty  is  anticipated  at  this  place.  The 
dredges  are  still  at  ivork,  but  their  subsequent  operations  belong  to  the 
present  fiscal  year. 

EEMOVING  WRECKS  AND  OBSTRUCTIONS. 

The  winter  of  1872-'73  was  unusnally  severe,  and  when  the  ice  broke 
up  it  destroyed  many  river-craft,  and  left  jmml>erle8s  wrecks  in  tbe 
ohauuel  which  could  not  be  discovered  until  low-water  of  summei. 
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Gapt.  B.  W.  Dngai),  with  the  boat  of  the  same  Dame,  blew  np  aD<l  re- 
tiiuved  the  wreck  of  a  sevtion  of  drv-dock  that  had  lodf;ed  in  the  cban- 
ucl  at  Bisiiig  Sun,  and  the  wreck  of  the  Kteauiboat  McCnllougrh  near 
MfldKoii.  Captain  Hobson,  witlj  a  craue-lKiat,  removed  several  logsaitd 
minor  wrecks  in  the  immediate  vicinity  of  Cincinnati.  There  were  sev- 
eral wrecked  coal-bargea  in  the  channel  at  Vevay,  I  tried  to  get  a 
dredfie  from  the  Lonisville  Canal  for  tJiis  work,  but,  being  nnsnecesHful, 
J  made  application  to  the  Kauawba  board,  and  was  permitted  to  hire  a 
dredge  from  them.  This  dredge  removed  the  barges  at  Vevay,  but  a 
sntlUeii  rise  in  the  river  coin|>eIled  her  to  sto[>  work  and  return  to 
the  Kanawha.  In  August  one  large  log  was  removed  by  a  crane-boat 
fnim  the  channel  at  Cullum's  Ripple,  and  another  lying  opposite  Cov- 
ington. 

The  navigation  of  the  Ohio  being  greatly  hindered  in  low-water  at 
Mustapha  Island,  Guyandotte  Shallows,  Foag's,  Jenalt's,  and  other 
places,  I  had  a  large  grai>ple  built  for  the  express  purjMse  of  removing 
bowlders.  This  grapple  is  11  feet  in  height,  has  a  grasp  of  a  little  more 
than  &  ieet,  has  four  fingers  on  each  side,  weighs  2,TUU  pounds,  and  cost 
81,174,  The  following  obstmutions  were  removed  by  the  use  of  this 
grapple:  the  roeks  at  the  loot  of  Mnstapba  Island,  where  the  channel 
is  now  in  good  condition;  several  rocks  in  the  channel-span  of  the 
I'arkersburg  bridge,  carelessly  thrown  there  by  the  bi'idge- builders, 
and  %wi>  snags  between  Parkersburg  and  Marietta.  Tliis  grapple  has 
been  used  to  great  atlvantage  on  the  Great  Kanawha.  For  details,  ref- 
erence is  made  to  the  annual  report  of  operations  ou  that  river, 

A  snag  was  reinove<l  by  hired  labor  from  the  foot  of  Eanty's  Shallows, 
and  the  Government  suag-boat  S.  H.  Long  was  borrowed  from  Major 
Sut«^r,  engineers,  and  was  employed  four  days  in  cleaning  out  the  chute 
at  tbtt  head  of  Cumberland  Island. 

I>nring  October,  four  troublesome  snags  were  removed  from  Quick's 
liuii  Bar  by  a  hired  crane-boat.  A  section  of  the  dry-do<;k  was  blown  up 
at  the  loot  of  Ludlow  street,  Cincinnati,  and  the  greater  portion  of  the 
wreck  of  a  stone-boat  was  removed  from  Rising  Sun  bar.  A  sudden 
rise  ill  the  river  prevented  its  entire  removal. 

A  wrecking  party  provided  with  direr,  armor,  battery,  and  torpedces 
was  equipped  and  put  to  work  at  the  wreck  of  the  Mi8'*onri,  a  very 
large  and  strongly-built  steamboat,  lying  just  above  the  Evansville  dike. 
About  half  of  this  boat  was  removed  by  the  close  of  the  season. 

In  May,  one  tog  was  removed  from  the  mouth  of  the  Muskingum,  and 
three  others  from  the  head  of  Bleunerhassett's  Island. 

OPPICE-WOEK. 

The  office-work  daring  tlie  year  has  comprised  the  preparation  of  a 
continuous  map  of  the  river,  on  the  scale  of  2  inches  to  the  mile,  of 
detailed  drawings  for  the  snag-boat,  of  hydrographs  of  the  Obio  River 
gaitge-records,  of  drawings  to  accompany  the  report  of  the  Board  of 
Kiigiueers  on  movable  dams  and  hydraulic  gates,  of  drawings  and 
ti'auings  of  special  surveys,  and  of  miscellaneous  work  of  various  kinds, 

ESTIMATE  FOE  1875-'76. 

The  first  question  to  be  settled  is  the  general  method  of  improvement. 
After  long  study,  I  have  come  to  the  conclusion  that  the  best  method  of 
improving  the  Uliio,  at  least  in  the  upper  part  of  its  course,  is  to  follow 
the  pluis  that  have  been  so  successtul  on  the  Seine,  Yonne,  Marue,  j 
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Mense,  and  other  Freiicb  rivprs.  The  detiiilR  of  all  the  metliods  in  nse 
iti  France  are  given  in  t'nll  in  tbo  re|>ort  of  the  Bonn]  of  Engineers  uu 
inovaMe  dams  and  hydniutic  ^ates,  wliich  is  printed  as  Ex.  Doc.  No.  1-1, 
H.  of  K.,  43d  Cong.,  Int  sess.*  The  Bystem  that  meets  with  most  h- 
vor  in  France  is  that  known  from  its  inventor  as  the  Chaiioine.  A 
drawing  of  the  more  important  teiUnres  of  this  system  acuomimuitti 
this  reiKtrt.  The  Bninotgate  will  probably  be  a  useful  auxiliary  tothiii 
or  any  other  system  that  may  be  adopted,  and  I  had  expected  to  have 
ail  opportuuityof  testing  it«i)racticability  on  a  working  scale  beforellie 
meeting  of  Congress.  As  it  has  been  decided  that  money  approprialt'it 
for  the  Ohio  cannot  be  expended  on  a  dam  in  the  MoDongnheia,  tliis 
trial  has  necessarily  been  abandoned.  While  I  regret  this,  I  tlo  not 
couNider  that  its  lack  will  have  any  intinence  ou  the  method  of  movHble 
dam  that  may  be  selected  for  use. 

There  is  nothing  to  prevent  the  subsequent  trial  and  ado|>tion  of  the 
Brnnot  gate  oi)  one  of  the  movable  dams  should  it  seem  desirable.  It 
is  merely  »  useful  adjunct  at  best,  aiid  oot  an  indispensable  necessity. 

A  CUanoine  wicket,  when  in  position,  is  a  solid  frame  of  tiiulwr  atMint 
3J  feet  wide  and  13  feet  high,  sloping  down  stream  and  supported  l*- 
hind  by  a  heavy  iron  prop.  The  horse  is  hinged  to  the  wicket  and  to 
tlic  floor.  The  prop  turns  on  the  npper  axle  of  the  horse,  as  does  also 
the  wi<;kot  The  latter  is  not  fastened  to  the  ficmr  except  by  the  lioree, 
and  can  swing  around  the  ujiper  axle  of  the  latter  when  not  held  down 
by  the  pressure  of  water.  A  series  of  such  frames  or  p»iie1s  makes  tbe 
dam.  The  intervals  between  tbe  frames  are  about  "  inches,  and  i>  n 
is  necessary  to  lUHke  the  dam  tiglit  these  intervals  can  l>e  covireil. 
TJsuiilly  the  waste  through  them  will  be  leijs  than  the  discharge  of  tlie 
river,  and  therefore  the  level  of  the  pool  will  not  fall  below  the  tops  of 
the  wickets. 

The  dam  is  thrown  down  by  means  of  a  long  in»n  bar  laid  on  top  of 
the  muwonry-base,  extending  from  one  shore  to  tbe  other,  and  aniiwl 
with  pmjections  or  shoulders.  By  moving  this  rod  a  few  feet,  which  is 
done  from  the  abutment  by  pro|>er  ge^nng,  the  feet  of  the  pro|>.siin! 
triitped  successively,  and  the  wickets  fall  into  a  shallow  recess  wlirre 
they  are  below  the  reach  of  passing  boats.  The  river  is  then  in  it* 
natural  condition,  offering  no  ob^ta'/Ie  to  l>oits  nor  to  the  pass<g«"^ 
floods.  Ill  the  navigable  jiass  not'itug  pr  ijecrs  higher  than  2  feet  lielo^ 
low-wafer  line.  On  the  weir  the  height  of  masonry  is  usually  about  1*0 
inches  above  low  water. 

The  wickets  are  raised  in  succession  by  the  use  of  a  boat  which  works 
across  the  stream.  It  hiis  a  sheave  in  its  bow,  and  a  geared  drum  near 
the  stern.  The  first  wicket  is  raised  by  the  boat  being  so  placed  that 
its  bow  projects  beyond  the  abutment  half  tbe  width  of  a  wicket.  Tlie 
hoisting  ro))e  has  a  boat-hook  fastened  to  its  outer  end.  The  iDHU^t 
the  bow  hooks  the  boat-hook  over  a  liandle  at  the  lower  end  oftli» 
wicket,  and  the  other  man  then  winds  up  the  rope.  The  wicket  is  thus 
raised,  piillingup  with  it  the  horne  and  the  prop.  When  the  horse  is 
at  its  proper  elevation  the  prop  drops  into  position.  The  wicket  is  still 
»early  horizontal,  and  if  it  is  let  go  it  will  retain  an  inclined  positi"'" 
with  the  water  rushing  under  it.  A  slight  push  ou  its  lower  end  biiuRS 
it  against  the  sill,  and  the  water  pressure  holds  it  in  place.  Atteroiie 
wicket  is  raised  the  boat  is  pushed  out  the  width  of  a  wicket,  supfKirl- 
ing  itself  partly  against  the  abutment  and  partly  against  tbe  wittet 
first  raised.  This  oiieration  is  continued  until  all  the  wickets  aiei>i 
place. 
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At  many  (lama  there  is  a  temporary  bridge  above  the  wickets  from 
which  tbey  iire raised.  This  is  probably  tlie  better  luetbml,  but  iu  a  wide 
river  it  wonld  probably  cause  some  delay  in  getting  the  wickels  up, 
nnless  a  considerable  force  of  hiborers  were  kept  on  hand  to  e3ci>edite 
operatious.  Two  or  three  men  are  all  that  are  employed  in  France  to 
mntiage  a  lock  and  movable  dam. 

Assnmbig  then  a  method  of  improvement  by  movable  dams  ou  the 
Ohanoine  plan,  we  require  the  following  constructions  :    . 

1.  A  movable  dam  of  Chauoine  wickets  divided  into  navigable  pass 
and  weir. 

2.  A  lock  large  enough  to  pass  an  ordinary  coal-fleet  through  in  one 
hjckage. 

The  dams  should  have  a  vertical  height  o^  13  feet,  that  being  aa  far 
an  present  experience  goes,  about  the  greatest  practicable  height  of  a 
movable  dam.  Tbe  lift  from  one  pool  to  the  next  will  be  U  feet,  and 
there  will  be  a  minimum  depth  of  6  feet  below  each  dam,  thus  securiHg 
a  C-foot  navigation  at  all  times. 

I  have  already  chosen  the  approximate  position  for  a  sufilcient  num- 
"ber  of  dam»  to  make  a  6-foot  navigation  at  all  seasons  between  Pitts- 
burgh and  Wbeeling.  I  do  not  think  it  advisable  to  make  an  estimate 
at  present  for  extending  this  work  below  Wheeling.  The  sites  and 
length  of  dams  are  as  follows  : 


So. 
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Where  two  lengths  are  given  in  the  above  list,  the  dam  rests  on  an 
island,  and  there  are  two  channels  to  be  closed. 

Tbe  width  of  navigable  pass  is  an  undetermined  quantity.  Coal-fleets 
are  generally  four  barges  or  1(H>  feet  in  width,  but  at  times  they  have  a 
width  of  five  barges,  (120  feet,)  or  even  of  six  barges,  (li4  feet.)  As 
tliey  will  have  the  smooth  wall  of  the  lock  to  guide  them  into  the  pass, 
I  think  it  will  be  quite  safe  to  limit  its  width  to  250  feet.  The  rest 
would  be  weir  and  Brunot  chute,  should  the  hitter  prove  a  success,  or 
weir  only  if  the  contrary. 

Experience  in  France  shows  that  the  locks  should  be  large  enough  to 
pass  a  coal -fleet,  either  aj<cendingor  descending,  at  one  lockage.  An 
average  fleet  has  ten  barges,  (130  by  2i  feef,)  one  fuel -flat,  (100  by  22 
feet,)  and  one  steamboat,  (23U  by  48  I'eet.)  The  barges  could  pass  two 
abreast  if  the  lockK  were  5(i  feet  wide,  three  abreast  it  they  were  75  feet, 
four  abreast  if  they  were  100  feet  wide.  The  first  size  is,  however,  too 
small  for  packet- steam  boats  which  require  from  tiO  to  80  feet,  and  the 
labt-named  size  is  too  wide  to  be  closeil  by  the  ordinary  lock-gate.  The 
width  of  the  lock  must  therefore  be  75  feet.  ^tioulc 
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To  bold  such  a  coal-fleet  as  I  have  described  above,  the  available 
length  of  lock  must  be  620  feet,  and  this  should  be  uicreaBed  to  630  to 
give  play  for  the  gatea,  and  to  avoi<l  a  tight  fit. 

The  lock  should  therefore  be  built  with  a  length  betvp'een  miter-sills 
of  630  feet,  a  width  of  75  feet,  and  ao  ordinary  hft  of  6  feet,  hut  with 
strength  enough  to  sustain  a  pressure  of  10  feet,  which  would  haiipeu 
shoutd  the  lower  pool  be  emptied  in  low-water. 

This  length  may  seem  excessive,  but  the  advantage  of  passing  a  fleet 
at  one  Tockuge  is  very  great,  and  the  increase  of  cost  is  not  in  proi>ortioi] 
to  the  length  of  lock.  The  most  expensive  parts  of  a  lock  are  the  gat«s 
and  the  masonry  aroaud  them,  and  these  cost  the  same  in  all  locks  of 
the  same  width  and  lift,  regardless  of  their  length.  The  difterence  be- 
tween a  short  and  a  long  lock  of  the  same  width  and  lift  is  only  the  coEt 
of  the  extra  length  of  chamber  wall,  and  this  is  tbe  cheapest  masonry 
about  the  lock.  The  fleets  on  the  Seine  are  somewhat  smaller  tb»D 
those  on  the  Ohio,  though  their  larger  barges  have  almost  exactly  tlie 
same  dimensioDS  as  Ohio  coal-barges,  (See  Ex.  l>oc.  !No.  127,  H.  of  B., 
43d  Cong.,  1st  seas.,  page  51.)  To  pass  one  of  these  fleets  at  a  single 
lockage,  the  lock-chambers  ou  the  Upper  Seine  have  a  width  of  40  feet, 
and  an  a^'ailable  length  of  from  501  to  615  feet. 

In  order  to  avoid  delay  and  waste  of  water  when  a  single  steamboat 
wishes  to  pass  through,  the  locks  should  have  extra  gates  at  the  mid- 
dle, so  that  the  whole  length  of  lock  need  uot  be  nsed  unless  occasioQ 
called  for  it.  This  will  add  somewhat  to  theex[)ense,  but  I  believe  tli^it 
the  advantages  of  diminishing  the  amount  of  water  needed  lor  lockage 
during  very  low  stitges,  and  of  expediting  the  passage  of  packet-boats, 
will  be  worth  obtaining. 

The  cost  of  such  a  lock  as  I  have  described,  would  be,  in  round  num- 
bers, $200,000.  The  cost  of  13  such  locks  will  therefore  be  about 
$3,600,000. 

These  figures  will  be  somewhat  modified  when  a  detailed  estimate  cao 
be  prepared.  A  special  party  is  now  at  work  definitely  locating  tbe 
proposed  dams  that  I  have  approximately  located  above,  and  makiug 
borings  to  determine  the  character  of  foundation  at  each  site.  Tliis 
information  will  be  embodied  in  the  report  ordered  for  the  Senate  Com- 
mittee on  Transportation,  and  will  somewhat  modify  the  approximate 
estimate  herewith  presented. 

The  cost  of  the  movable  dams  will  be: 

$344  per  rnoDiDg  foot  for  the  ptMa. 

$ti7  per  ruoniug  foot  for  the  ireir. 

These  estimates  for  the  dams  have  been  carefully  prepared  under  ray 
direction  by  Lientenaut  Maban,  by  using  the  itemized  bills  of  materials 
prepared  from  actual  constructiou  in  France,  and  are  believed  to  be 
quite  accurate.  No  account  has  been  taken  of  the  Brunot  chute,  which, 
If  sneccsslul,  will  replace  a  part  of  the  weir.  It  would,  however. 
Increase  the  cost  of  a  dam. 

A  movable  dam  of  the  average  length  of  1,473  feet  vnl\  then  cost  as 
follows : 

asO  feet  of  pass,  at  8344  per  foot $86,0M 

1,373  feet  of  weir,  at  8*A  pec  foot 28^,971 

Total  for  one  movable  dam 374, 9!1 

Thirteen  movnble  dams  witlioat  locks  will  therefore  cost 4,874. 'i'-S 

Tbucostof  n  KLiij-le  lock  with  movable  it  am  will  be 574,971 

And  tbe  wIiijIc  cost  of  this  iiuproveDieut  from  PittsbnrKh  to  Wheeling 7, 474,<i^ 

In  beginning  this  work  we  should  first  buitd  tbe  locks,  as  during  the 
construction  of  the  dams  they  will  answer  as  waste-weirs,  and  will  alao 
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keep  open  a  passage  for  oavigation.  I  tbiiik  tUat  at  as  early  a  date  as 
])ossib)e  this  work  shotild  be  simultaneously  begun  at  all  points  betn'een 
Pittsburgh  and  Wheeling,  because  it  will  take  all  of  two  seasons  to 
builit  these  locks,  and  tbeir  construction  must  precede tbatof  the  dams. 
Tiiere  is  no  doubt  whatever  of  the  absolute  necessity  of  using  locks  in 
any  ratioual  plan  for  improving  the  Upper  Ohio  so  as  to  secure  a  6-foot 
navigation.  Whatever  changes  maybe  made  in  the  details  of  the  dams, 
the  locks  must  be  the  same. 

For  this  pui  of  the  improvemeDt  of  tbeObia,  I  therefore  now  ask  for (2,600,000 

KngineeiiDg  aud  ooDtiageDclee  of  look-caQBtructioD,  5  per  ceut ..  130,000 

Besides  this  special  sum,  I  request  the  following ; 

To  comptete  snag-boat $35,000 

To  k«ep  drednea  ftC  work  9  months,  at  ^3, 000 27,000 

For  ail  montEu' serviM  of  snag-boat,  at  $3,000 18,000 

For  improving  Lower  Obio  by  dikes ,.. ,. .,.  170, 000 

Offlca  expenses 20,000 

Tot»l 3,000,000 

I  have  not  thought  it  necei?sary  to  attempt  detailed  estimates  ou  the 
dikes  for  the  Ohio  below  the  Falls,  as  this  work  is  so  dependent  on  un- 
foreseen coutiugencieii  that  such  estimates  are  of  little  value.  The  bars 
that  are  in  most  need  of  improvomeut  are  Portland,  Flint  Island,  Puppy 
Creek,  ScnfBetowu,  Three-Mile  Island,  Shawneetowu,  Treadwater,  foot 
of  Cnmberland  Island,  and  the  Grand  Chain. 

Financial  statement. 

Bnlance  in  Treasury  of  United  States  July  1,  IWS $330,000  00 

Anionnt  !a  hands  of  oB)c:er  and  subject  to  his  clieck,  (including  $4,620.30 

pemoDtaKe  daeon  coDtrncta  not  yet  completed) 26,67.')  96 

Aniouut  appropriated  by  act  approved  Jaoe33,  li^4 150,000  00 

Aniouiit  eKjieiiiled  duriug  tbe  tiscal  year  ending;  Jtine  30,  1874 207,3!^  47 

Amount  available  July  1,  1^74,  (5l!n).;WH.49— §4,525.6.->) 194,«fi3  H4 

Amount  reqnired  for  the  tiscal  yeiir  euditig  Juuo  30,  1876 3,000,000  00 


imfkovemest  of  the  ohio  eitek  below  the  falls. 

United  States  Esginebb  Office, 

Cindnnati,  Ohio,  A'ovember  SU,  1873. 
Gesbral:  In  repl.v  to  your  letters  of  September  1  and  October  1, 
I  would  submit  the  following  in  regard  to  the  improvement  of  the  Ohio 
below  the  falls  so  as  to  secure  a  depth  of  5  feet  at  low  wat«r.  I  re- 
gret that  I  have  been  absent  on  duty  so  much  lately,  aud  have  been  so 
busy  on  board-reports,  that  I  have  been  unable  to  take  up  the  subject 
earlier;  but  as  I  gave  my  views  at  length  in  ray  testimony  before  the 
Senate  Committee  ou  Transportation,  for  whose  information  (as  I  was 
iDformed]  these  questions  were  asked,  I  trust  that  the  delay  has  not 
been  injurioas. 

The  ftrst  question  in  your  letter  of  September  1,  reads  as  follows : 
Please  infomi  this  Offlcewbotheryon  are  prepared  to  ail  bmitaprojectfnriniprovjng  the 
Lower  Ohio  Biver,  from  Louisville  to  Cairo,  so  as  to  afford  a  deiitb  uf  not  less  tliaa  5 
foet  at  the  lowest  stage  of  water  known.    If  not,  please  state  what  additiouut  iuforuift' 
tiou  you  require  to  enable  yon  to  prepare  such  a  plan. 

In  reply  I  would  state  that  the  only  plan  which  I  am  at  present  pre- 
pared to  recommend  is  the  one  now  in  use  tbroughout  the  whole  river,  , 
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and  that  is  the  concentration  of  the  currents  by,<like8  or  vriDg-da>iie,aiiil 
the  closing  of  all  bat  one  channel  where  there  are  two  or  more.  Whether 
this  method  will  secure  five  feet  during  dead  low  water  1  cannot  now 
tell,  but  1  am  rather  of  opinion  that  it  will  not.  It  is  possible  that  we 
might  secure  four  feet,  but  experience  alone  will  answer  this  question. 
I  should  state  that  no  work  was  done  on  the  Lower  Ohio  by  Mr.  Rob- 
erts, and  that  1  have  only  commenced  the  work  this  season,  and  couse- 
quently  have  too  little  experience  in  this  matter  to  give  a  positive  r«p1y 
The  dikes  at  French  and  Henderson  Islands  are  both  under  way,  but  it 
is  not  likely  that  either  will  be  finished  this  season.  The  latter  vas 
commenced  first,  and  its  efi'ect  was  so  quickly  felt  that  there  was  no  trouble 
at  this  bar  during  this  summei's  low  water.  But  the  mere  fact  of  boils 
being  able  to  cross  this  bar  does  uot  show  the  maximum  that  could  bave 
been  brought  over,  as  duiing  the  low-water  season  there  was  only  2(1 
inches  on  French  Island  bar,  (thework  at  that  time  had  not  begun  there,) 
and  from  two  to  three  feet  on  some  others,  and  therefore  all  boats  weie 
running  very  light.  Last  year  I  commenced  work  at  Cumberland  Diim 
and  at  Evausrille  dike,  but  the  object  in  view  at  each  of  these  pliwfs 
was  the  changing  of  old  channels,  and  nut  their  deepening,  and,  beside^ 
both  of  these  works  are  unfinished. 

One  great  difBculty  in  improving  this  part  of  the  river  is  that  the 
coal-fleets  that  start  from  Louisville  for  southern  markets  are  ninrb 
larger  than  those  that  come  from  Pittsburgh  to  Louisville,  and  this  fitct, 
together  with  the  lack  of  defiuiteiiess  in  land-marks  iu  the  river  belos 
the  Falls,  makes  it  dangerous  to  reduce  the  channel-width  below  CUl> 
feet,  and  of  course  the  siiuie  depth  canuot  be  expected  iu  a  wide  as  iu  * 
narrow  channel. 

There  is  another  point  on  which  reasouing  is  of  little  avail,  and  GS))e- 
rience  alone  is  to  be  trusted.  That  is,  whether  or  not  the  sands  that hk 
swept  through  narrow  artificial  chanuels  will  not  form  below,  and  tbe 
practical  result  be  simply  a  change  of  position  of  the  bar,  without  iu- 
crease  of  depth.  If  the  work  formerly  done  on  the  Ohio  had  been  kejit 
in  good  condition,  and  carefully  observed  and  reported  upon^we  should 
now  be  able  to  settle  this  matter ;  but  our  records  are  unfortunately ^le- 
fective,  and  the  old  works  have  themselves  been  so  degraded  that  they 
now  exercise  no  perceptible  influence  on  the  bars.  I  have  in  this  office 
all  the  records  alK>ut  the  Lower  Ohio  that  I  could  secure  in  the  Depart- 
ment or  elsewhere,  and  I  herewith  present,  iJi  chronological  order,  asam- 
mary  of  all  tbe  opinions  on  the  effect  of  dams  and  dikes  in  the  Loiver 
Ohio  which  I  could  gather  from  the  records. 

The  earliest  report  on  flie  in  this  Office,  which  records  the  results  of 
work  on  the  Lower  Ohio,  is  by  Colonel  Long,  in  reference  to  the  dike  at 
Henderson  Island.  His  report  is  in  the  shape  of  marginal  notes  on  the 
drawings  which  he  forwarded  to  the  Department.  On  his  "Sketch So. 
V,"  a  copy  of  which  I  send  herewith,  there  is  the  following  note.  Ihe 
remarks  iu  brackets  and  the  italieiziug  are  mine: 

From  the  diHgram  non  before  ng  it  vill  be  perceived  that  the  bed  of  tbe  rivet  liu 
uadorguiie  a  uiateri&l  cliaoge  siuce  t1i«  coDimeuGetiieDt  at  oar  oueratioua.       '        * 

*         *  *  *         A  i>ortiuii  of  the  Baud  accumulated  above  the  dnm  duiinj! 

the  freshet  before  mentioned  L  winter  of  18-.i4-'!i5]  ooutributed  to  form  tbe  circular  Ib*'. 
at  tbe  lower  extreiuit;  of  Ibe  dam,  across  tbe  outnord  margin  of  nbiob  tbe  depth  «< 
^'ater  is  oiils  three  ftcl  aa  reiireseiited  iu  tbe  sketch.  A  largo  quoutity  of  sand  piv^ i- 
oualy  Hitaated  in  the  bed  of  the  river  nliove  the  dom,  was  now  distributed  over  ili' 
space  betwceu  tbe  dam  aud  Ibe  dr;-bar  bulow,  occRsiuuing  tbe  shoal  presuutud  in  Ibai 
part  of  the  riviT.  Tbe  elevation  of  the  bar  alwye  the  daw,  with  tiio  exception  of  the 
cbuunul  ciiiitiguoiiB  thereto,  remained  about  tbe  same  aa  it  was  at  the  couiiuencentenl 
of  tbe  work  this  ;ear,  although  ilB  tositiou  approxiniuted  coosiderablj  nearer  tt»  tlie 
isluud. 
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The  KeneTBl  depth  of  water  ip  this  part  of  the  river,  at  the  time  alluded  to,  waa/rom 
2i  to  Z  feet,  hot  owiug  tn  subsideace  of  IfS  inches,  which  took  piace  duriag  the 
profrress  of  the  work,  its  depth  wus  now  ool;  about  one-half  that  above  mentioned.  The 
poeitioB  aud  depths  of  the  channel,  occasioned  b;  the  dam,  are  indicated  by  the  draw- 
ing, In  which  ar«  inscribed  a  series  of  sonodings,  correspouding  to  the  depth  of  watec 
actually  found  in  the  clianoel  at  this  very  low  stage  of  the  river.  At  the  lower  extrem- 
ity of  the  channel  the  depth  is  only  'ifeet  for  a  distance  of  12  or  15  yards  ;  bat  theeaod 
18  bere  exceedingly  loose  and  yielding,  the  current  setting  strongly  across  it,  and  daily 
reuduring  the  ohanuel  deeper  and  broader.  It  is  not  expected  that  the  chauuel  oooa- 
siouod  by  the  dam  will  ooDtinne  to  occupy  the  position  it  now  has  longer  than  the  pres- 
ent eeason,  fui  the  following  reasous:  The  next  freshet  will  probably  bring  down  a 
lart^  body  of  sand  from  above,  and  deposit  it  immediately  above  and  below  the  dam 
in  such  a  raanuer  as  to  form  a  bar  rising  to  the  top  of  the  dam  thronghout  ita  whole 
tenf(th  :  such  being  the  event,  the  most  elevated  part  of  the  bar  will  be  that  portion  of 
it  situated  ooutigiiuus  to  the  dam,  so  that  when  the  rivet  subsides,  the  water,  instead 
of  l)eiug  drawn  olf  through  a  channel  ailjoceut  to  the  dam,  as  is  now  the  case,  will  pass 
over  a  less  elevated  part  of  the  bar  at  a  considerable  distance  above  it.  Should  the 
result  prove  as  here  stated,  there  can  be  little  doubt  either  of  the  efficiency  or  perma- 
nency of  the  work,  for  it  will  then  be  protected  from  the  undonniuiug  iolluence  of  the 
curniut,  and  secured  froiu  the  shocks  of  floating  ice  and  drift  of  every  deacriptioD  to 
which  it  would  otherwise  be  exposed. 

I  would  particularly  call  atteution  to  tbe  followiug  points  od  the 
Bketcb :  Tbe  limitetl  deptli  of  water  across  the  b.ir,  the  nari'owuess  of 
the  cliannel  iodicateil,  aud  the  shoal  formed  below  the  dike. 

Captaia  E.  Delatield,  Eiigiueers,  in  his  report,  dated  Jauuarv  IC,  1833, 
(Doc.  No.  Gti,)  states  as  follows  about  the  work  ou  tbe  Lower  OUio : 

The  last  class  of  works  [deepening  the  water  on  the  bars]  has  now  been  so  far  tealedaa 
to  render  no  longer  doubtful  the  success  of  removing  the  bars  from  their  preseut  |>osLtion, 
au<l  to  tliis  period  entirety  accomplishing  the  object  in  view  of  giving  a  permauent  and 
uui-liangeable  3^  aud  4  foot  channel-way. 

With  a  Judicious  location  of  the  dams,  I  am  more  fully  conRcnied  iu  the  belief  that 
permanency  may  be  secured  to  all  such  works,  aud  that  removing  the  bar  from  one 
point  shsll  not  iurni  another  immediately  below.  This  is  the  ouly  doubt  as  to  the  en- 
tire success  uf  the  works  of  this  class. 

The  results  thus  far  have  been  satisfactory.  Litst  year  two  of  the  most  difliault  and 
ehiia1<!Ht  iHirs  were  dammed,  as  shown  by  figures  I  aud  2  acoompauyiiig  this  report- 
On  the  SculUetowu  Bui  (Fig.  2)  there  was  formerly  but  IS  to  2CJ  inches  water  al  the 
low  elagp  of  the  river.  Since  the  dams  lisve  been  constructed  there  is  fourfci't,  and 
no  injurions  formation  below  it,  all  the  sands  having  apparently  been  deposited  umler 
the  ]>!ti  and  eddy  made  by  the  dam,  and  ttie  cbauDel  cunflued  within  permanent 
bankri. 

A  reference  to  Fig.  2,  So.  8,  of  my  report  of  1P31,  will  exhibit  the  position  of  tbe 
shiiattt  at  that  time,  and  the  present  sketch  (Fig.  2)  will  give  an  idea  of  the  change 
elt'ected  by  ctmstructing  the  dams. 

filf.  t  is  a  sketch  of  another  system  of  dams  constructed  last  year,  that  have  been  pro- 
ductive of  satisfactory  results  at  the  Sister  Islands.  In  this  3ase,  as  the  previous  ones, 
the  Rands  washed  from  the  bars  have  been  deposited  under  the  lee  of  the  dams.  Fig.  4, 
No.  12,  of  the  report  of  ItUl,  exhibits  what  was  then  supposed  to  be  the  positiou  ofthe 
slioAlo  at  that  time,  and  tbe  sketeh  accompanying  this  report  (Fig,  1)  the  present  posi- 
tion of  the  abools.  If  these  two  figures  are  oorre>ct,  a  very  great  chsqge  has  been  made 
in  the  wbolo  Led  of  the  river,  proving  the  facility  with  which  the  channel  may  be  de- 
flected in  any  direction,  and  the  uecesHity  of  having  surveys  for  each  and  every  one  of 
tbeae  bars,  to  judge  properly  of  the  cllect  produced. 

I  append  to  this  report  copies  of  Captain  Delafield's  maps  of  the  bars 
at  Kreuch  Islaud,  ScufHetown,  and  the  Sisters,  the  work  beiug  then  ua- 
der  way  at  the  flrst-named  plawj,  but  finished  at  the  other  two.  He 
sbow8  a  depth  at  French  Islaud  of  2J  feet,  at  Scuffletowo  of  4  feet,  aud 
at  Tlie  Sisters  of  3J  feet. 

Tkeie  are  on  file  in  this  office  sketches  of  the  dams  at  French  Islaud, 
ScafBetown,  Three  Mile,  and  The  Sisters,  made  by  Lieut,  A,  H.  Bowjuan, 
Kufxiiieers,  in  1835,  iu  couuectiou  with  some  maps  of  work  on  the  Cum- 
berland. These  sketches  have  neither  scale  nor  soundings,  and  the  re- 
port that  probably  accouipaDied  them  is  not  on  file  in  this  office. 

Capt.  li.  E.  Lee,  Engineers,  iu  his  iuRpection  report  to  the  Chief  Eugi- 


neer,  dated  Jfovember  20, 1839,  a  manuscript  copy  of  whieli  is  on  file  in 
this  office,  writes  as  follows: 

The  dam  at  the  Tlireo  Siatera  liaa  eotirelj  r( 
this  point,  and  haa  become  streti);tbeiiec[  by  ai 

A  Ureauh  haa  been  made  throngh  the  dam  at  Three  Mile  lalaod,  thmtigh  which  wa> 
tbedeepeat  chatitiel  at  the  time  of  m;  iiiH|)ectiQo.  Jt  traa  but  puTtially  conatrucMd  in 
1833  atid  183'!,  and  intended  to  concentrate  the  water  at  the  foot  of  the  ialand,  from 
nhicb  extended  a  gravell;  ahaal.  The  yielding  of  the  diiia  still  allows  its  eipaoaioD, 
which  would  be  prevented  by  its  repair  and  complatioo. 

Tbe  effect  of  the  two  piers  at  Sonffletowu  has  been  entirely  siiccessfol  in  remoTiog 
the  bar  at  that  place,  which  was  formerly  one  of  the  jtreateat  obstructions  on  the  rivrt. 
Ods  of  the  piers  requires  to  be  raised ;  a  beneficial  effect  has  also  been  produced  by  the 
piere  at  French  Island,  though  in  tJieir  present  condition  they  but  imperfertly  ansvei 
the  purpose  for  which  they  were  constructed.  A  settlement  has  taken  place  in  totti 
piera,  wnieh  reniiires  them  to  be  raised. 

Tbe  success 01  the  plauof  improvement  where  it  has  been  fairly  tried,  viz:  TheThrM 
Sisters,  SculHetown,  and  French  Islaod,  sbowa  its  im[iortanco  if  fully  carried  oat 
Tbe«e  were  once  among  the  worst  points  on  tbe  river,  and  they  uow  offer  no  impediment 
to  tbe  Davigation. 

Ib  a  docniueDt  on  file  in  tliia  office,  issued  by  the  Wabash  Xavigation 
GompaDy,  dated  Vinceunes,  April  24, 1847,  and  eigoed  by  John  Eo3S, 
secretary,  there  is  a  comparison  between  the  low-water  navigations  of 
the  Wabash  and  the  Ohio,  from  which  I  make  tbe  following  extracts; 

In  the  report  of  Lieutenant-ColoDcl  Lonf;,  communicated  to  Congress  by  the  Fresi- 
dent  of  the  United  States  in  ln43,  on  tbe  improvement  of  Che  western  rivers,  "  abonl  i 
feet  water"  is  assuuieil  aa"  the  utuioet  that  Miould  be  aiioixl  at  in  providiuK  for  a  gen- 
eral system  of  low-watei  navigation."  (Doc.  No.  2199.)  (Not  00  file  in  this  office.)  And 
in  the  same  report,  page  188,  Colonel  Loug  states  in  relation  to  the  Ohio  Rivet  above 
and  below  the  Falla,  aa  follows : 

"I  thiuk  the  practicability  of  aeciiringa  greater  depth  (than  two  feet)  in  eitmM 
low-water  very  dimbtfiil  if  not  quite  hopeleas."  .  •  .  • 

*  '  •  Mr.  Burr,  (the  engineer  who  made  the  first  report  to 

the  company  on  the  lock  and  dam  at  Grand  Rapids,)  in  bis  report  January,  1^139,  p.  ^, 
states :  "  For  three  months  in  the  year  there  is  not.  coninionlj  in  the  Ohio  River,  swovr 
and  below  its  cuiilluonce  with  tbe  Wabash,  for  boats  over  tbe  bars,  more  than  from 
two  to  two  and  oue-half  feet  water,  aud  this  season  less  than  two  feet." 

I  have  also  maps  of  the  bars  at  French  Island,  ScuflSetown,  and  Ttiree 
Mile  Island,  made  by  A.  Campbell  and  F.  Saunders.  These  maps  are 
not  dated,  bnt,  from  references  to  a  particular  stage  of  water,  I  itifer 
that  they  were  made  in  October,  1S44.  There  is  no  aceomi>anjinf 
report  on  file,  and  no  information  on  the  map  to  show  what  was  tbe 
stage  of  the  river  when  the  surveys  were  made.  The  maps  show  3  feet 
at  French  Island,  4.2  feet  at  Scutfletown,  and  3J  feet  at  Three  Mile. 
At  the  latter  place  tbe  channet  is  very  intricate,  aud  passes  tlirjagh 
gaps  in  the  dike.  The  channel  which  the  dike  was  to  have  made  is  filled 
with  sand,  so  that  the  depth  through  it  is  but  one  foot. 

This  sums  up  all  the  information  that  I  have  been  able  tu  obtain  on 
tbe  practicability  of  radically  improving  the  Lower  Ohio  by  dikes.  Bet- 
ter results  could  probably  be  obtained  now,  as  we  have  additional  ex- 
perience in  dike-building,  bnt  the  possibility  of  securing  by  this  means 
6  feet  during  extreme  low-water,  while  maintaining  a  sufficiently  wiile 
channel  for  coal-fieets,  is  very  doubtful  if  not  impossible.  If  the  banks 
of  the  Ohio  and  of  all  its  larger  tributaries  could  be  thoroughly  pro- 
tected from  abrasion  so  as  to  cut  off  the  supply  of  sand,  w©  ihight  hope 
for  better  results ;  bnt  the  expense  of  such  a  work  is  too  great  for  con- 
sideration. As  land  becomes  more  valuable,  greater  efforts  will  be 
made  to  protect  river-banks,  but  it  will  be  long  before  any  appreciable 
effect  can  be  produced  on  the  bottom  of  the  river. 

I  think  that  the  statements  given  above  will  show  that  the  inforraa- 
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tion  needed  to  prepare  a  plan  for  improving  the  lower  Obio  by  control- 
ling tbe  currents  can  only  be  acquired  by  experience.  I  IiiLve  already 
suMcient  surreys  for  all  practical  work  likely  to  be  attempted  for  sev- 
eral years. 

In  your  last  paragraph  you  ask  my  opinion  about  improving  the  lower 
Ohio  by  dredging.  I  have  no  hesitation  in  saying  that  dredging  in  the 
ordinary  way  would  be  useless.  A  dredge  could  not  dig  out  more  than 
two  bars  in  a  season,  and  the  work  would  probably  have  to  be  repeated 
annually  at  great  cost.  A  steamboat  with  scraper  would  do  excellent 
service,  as  one  day  at  a  bar  would  suffice,  and  she  could  help  a  dozen 
or  twenty  in  a  season;  but  the  true  method  of  working  at  bars  in  light 
sand  is  to  direct  the  river-currents  on  tUem.  There  is,  of  course,  a  dan- 
ger that  the  bar  will  re-form  below,  but  an  extension  of  the  dike  will 
probably  drive  it  awaj-.  This  system  might  ultimately  result  in  having 
coDtinuons  dikes  throughout  the  river,  but  it  has  tbe  advantage  of  being 
the  cheapest  system  that  can  be  adopted,  and  no  more  dike-work  need 
be  done  than  tbe  case  demands  at  the  moment. 

When  work  was  begun  at  Henderson  Island  bar  the  only  shoal  place 
was  abreast  of  the  island.  When  I  resumed  work  there  this  season 
there  was  another  bar  at  the  foot  of  the  island,  which  evidently  did 
not  exist  in  1825.  1  thought  it  probable  that  I  wonid  have  to  build  a 
dike  there  also,  but  thns  far  the  single  dike  at  the  old  place  seems  to 
prove  sufficient.  Colonel  Long's  dike  did  not  touch  either  shore.  la 
this  it  difters  from  all  other  dikes  ever  built  on  the  Ohio.  I  do  not  con- 
sider the  plan  jadicioas,  and  therefore  the  dike  that  I  am  building  starts 
from  the  main  Indiana  shore. 

Tbe  question  of  reservoirs  may  be  suggested  by  some,  I  can  only 
say  that,  for  reasons  given  in  my  annual  reports,  I  consider  reservoirs 
impracticable  for  the  Upper  Ohio,  and  still  more  so  for  the  Lower.  Un- 
less additional  reservoirs  were  built  on  all  the  lower  tributaries,  there 
■would  not  be  a  sufficiency  of  water.  The  upper  reservoirs  are  expected 
to  give  six  feet  at  Pittsburgh.  Experience  shows  that  a  six-foot  rise  at 
Pittsburgh  is  entirely  lost  by  the  time  it  reaches  the  falls,  unless  it  is 
sastained  by  rises  in  the  lower  tributaries.  We  have  no  data  for  deter- 
mining exactly  how  much  water  would  be  needed  to  give  five  feet  in  the 
Lower  Obio,  nor  do  £  consider  it  worth  while  to  go  to  tbe  expense  of 
getting  them. 

I  have  recommended  for  the  Upper  Ohio  locks  and  dams,  with  a  chute 
opened  and  shut  by  a  hydraulic  gate.  If  the  dike  system  does  network 
in  the  lower  Ohio,  we  can  try  locks  and  dams.  The  only  hesitation  I 
have  in  recommending  it  comes  from  the  immense  mass  of  sand  that  is 
always  in  motion  below  the  Falls.  Experience  in  India  shows  that  it  is 
perfectly  feasible  to  build  dams  on  a  foundation  of  pure  sand.  In  the 
ICoorkee  Treatise  on  Civil  Engineering,  page  494,  occurs  the  followinff 
sentence:  "Several  anlcuts  (dams)  have  recently  been  built  with  per- 
feet  success,  and  at  a  moderate  expense,  across  rivers,  the  beds  of  which 
consist  entirely  of  pure  sand  to  a  depth  beyond  the  foundation  of  these 
works."  On  page  490,  Colonel  BainI  Smith,  Bengal  Engineers,  in  sum- 
ming up  his  conclusions  about  damming  sandy  rivers,  considers  the  fol- 
lowing, (among  otherpoints,)  as  established  by  Indian  e."iperieuce:  "That 
in  rivers  with  beds  of  pure  sand,  and  having  slopes  of  3^  feet  per  mile, 
daina  may  be  constructed  and  maintained  at  mo<lerate  expense;  that 
the  elevation  of  the  beds  of  the  rivers  above  the  dams  to  tbe  full  height 
of  the  crowns  of  these  works  is  an  Inevitable  consequence  of  their  con- 
Btruction,  and  that  no  arrangement  of  undcrslulces  has,  as  yet,  been 
effective  to  prevent  this  result."  ,(K>tjlc 
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We  may,  tlierefore,  feel  assared  of  the  practicability  of  bnilding 
Buch  dams,  and  need  dow  only  discnss  the  question  of  the  moving  Ninda. 
The  only  way  that  I  can  now  aee  to  remedy  the  difBcolty  is  to  give  do- 
tice  that  for  a  giren  week  navigation  will  be  BU8x>ended.  I  would  then 
commence  at  the  lowest  pool,  and  drain  it  off  through  the  clinte.  After 
this  waa  emptied  I  would  let  the  chute  remain  open,  and  drain  the  neit 
pool  through  the  two  chntes,  the  third  through  three,  and  80  on.  I 
believe  that  by  this  method  I  would  scoar  a  navigable  chaooel  through 
all  the  pools  to  the  depth  of  the  floors  of  the  chutes. 

But  the  lock  and  dam  system  will  naturally  be  tried  first  in  the  upper 
end  of  the  river.  Long  before  it  is  necessary  to  start  it  on  the  lower 
river  we  will  have  acquired  abundant  experience  on  both  systems  oi 
improvement. 

liespectfnlly  snbniitted. 

Wm.  E.  Merkill', 
Major  of  Enginten. 

Brig.  Gen.  A.  A.  Humphreys^ 

Chief  of  Engmeert. 
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Report  of  the  Board  of  Engineert. 

JanUAET  31, 1874. 

General:  The  board  of  engineers  appointed  by  par.  1,  General  Odprs 
41,  Headquarters  Corps  of  Engineers,  April  Ifl,  1S72,  "  to  examiue  auil 
report  upon  the  plan  of  Mr.  F.  K,  Brunot  for  movable  hydraulic  gates 
for  chutes  and  locks,  its  applicability  to  the  improvement  of  the  Ubio 
and  other  rivers,  and  an  estimate  of  the  cost  of  constrnction,"  to  wbieh 
doty  was  subsequently  added,  by  letter  dated  May  1, 1872,  the  general 
consideration  of  the  whole  subject  of  movable  hydraulic  gates  and  of 
all  other  proposed  plans  for  this  object,  would  respectfully  submit  the 
following  report.  A  preliminary  report,  dated  Jannary  14,  1873,  was 
sent  to  the  Department,  in  which  the  board,  without  specifying  au.v  par- 
ticular plan,  stated  that  there  was  no  doubt  of  the  practicability  of  at- 
taining the  object  desired,  and  recommended  an  appropriation  of  $40,W0 
for  the  pnrpose  of  testing  the  matter  on  the  Monongahela.  As  ih's 
report  did  not  reach  Congress,  no  appropriatiou  was  made.  Since  then 
the  board  has  been  actively  engaged  iu  studying  the  history  of  similai 
works  in  this  country  and  abroad,  and  in  testing  by  large  models  all  'he 
various  plans  that  appeared  likely  to  answer  the  purpose.  They  are  now 
prepared  to  submit  a  plan  which  they  feel  confident  will  fully  meet  ihe 
necessities  of  the  case. 

The  special  importance  of  the  investigation  in  question  comes  from 
its  intimate  connection  with  the  slack-water  plan  for  radically  improv- 
ing the  navigation  of  the  Ohio.  This  methcxt  of  improvement  liss  re- 
ceived the  sanction  of  the  gi-eat  majority  of  the  engineers  whohaye 
investigated  the  subject,  and  it  has  also  been  npproved  by  theOiiin 
Kiver  commissioners,  a  body  composed  of  five  delegates,  appointed  hv 
the  governor,  from  eiichof  the  seven  States  bordering  on  the  Ohio  River 
or  its  tributaries. 
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Tbe  commercial  interests  of  the  Ohio  Valley  demaud  that  the  river 
Rhall  be  so  improved  as  to  secure  a  mtniinam  URVJKation  of  6  feet. 
There  are  but  two  apparent  ways  of  securing  soch  a  depth  :  by  retaiii- 
iiig  in  huge  reservoirs  tbe  surplus  of  high  stages,  and  letting  it  oat  in 
low  ones,  and  by  constructing  dams  and  locks  iu  the  bed  of  the  river. 
There  are  bo  many  serious  objections  to  the  former  system,  that  it  has 
received  but  little  support,  either  popular  or  acientific.  But  a  discussioD 
of  the  merits  of  the  two  systems  is  foreign  to  this  report.  The  nature 
of  the  investigation  which  we  have  beeu  required  to  make  presupposes 
an  improvement  by  slack-water, 

Tbe  lack  of  water  in  the  river  is,  as  might  be  supposed,  most  marked 
near  its  head.  Iu  the  first  twenty  miles  below  Pittsburgh  the  average 
fall  per  mile  is  17  inches ;  in  the  second  twenty  miles,  7.7 ;  in  the  third, 
7.8;  io  the  fourth,  8.7;  and  in  the  fifth,  10.8.  Tbe  average  per  mile  of 
the  first  one  hundred  miles  is  10.1  inches,  and  the  average  per  mile  from 
Pittsburgh  ta  Louisville  is  6.3  inches.  From  the  foot  of  the  falls  to 
Cairo  the  average  per  mile  is  3  inches.  The  method  of  improvement 
by  contracting  the  channel,  thoagh  accomplishing  some  good,  wilt  man- 
ifestly not  secure  tbe  required  6  feet,  as  can  readily  be  seen  by  ezamiti- 
iog  the  river  at  White's  Kipple  and  the  Trap,  eleven  miles  below  Pitts- 
burgh. Here  the  whole  body  of  water  passes  through  a  space  whose 
width  at  low  water  is  230  feet,  and  yet  at  that  stage  the  depth  for  uavi- 
gatioD  is  frequently  but  12  inches.  Whatever  improvement  may  be 
made,  here  it  is  manifestly  impossible  to  secure  tbe  depth  needed  for  a 
successful  navigation,  if  we  limit  ourselves  to  guiding  the  natural  supply. 

In  the  Upper  Ohio  by  far  the  most  important  navigation  is  the  trans- 
port of  coal.  Pittsburgh  annually  ships  over  fifty  million  bushels  to 
points  below,  and  all  the  large  cities  from  Cincinnati  to  New  Orleans 
receive  their  principal  supplies  from  this  source  and  in  this  way.  Under 
existing  arrattgementa  all  this  coal  comes  out  on  floods  of  7  feet  or  more, 
a  siugle  steamhoat  bringing  down  from  eight  to  twenty  barges.  The 
representatives  of  this  iuterest,  although  not  content  with  the  river  as 
it  is,  would  prefer  no  change,  unless  it  were  of  such  a  character  that 
they  would  have  do  more  delay  or  trouble  in  getting  their  fieets  down 
the  river  than  they  have  now.  Ooal-fieots  are  so  large  and  ponderous, 
that  they  require  a  wide  river  for  maneuvering ;  and,  besides,  the  barges 
mast  be  bound  together  in  every  direction  in  the  firmest  possible  man- 
ner by  cables  and  screw-clamps.  It  is  very  tedious  and  difficult  to  make 
np  a  coal  fieet,  and  somewhat  hazardous;  and  it  is  almost  indispensable 
that,  when  the  boats  are  once  firmly  connected,  they  should  remain  so 
nntil  tbe  whole  fleet  is  lauded  at  its  destination.  For  this  reason  the 
passage  of  a  lock  after  the  fleet  has  started  is  most  objectionable,  and 
woald  cause  insupportable  delay  and  danger.  The  coal-interest  of 
Pittsburgh  is  therefore  a  unit  in  opposing  the  erection  of  any  dam  in 
tbe  Ohio  River,  unless  some  modification  can  be  introduced  into  the  or- 
dinary slack-water  system  that  will  permit  tbe  passage  of  fleets  without 
requiriDg  themtobe  broken  np  and  re-formed  below  the  dams.  Tbeslack- 
water  system  is  undoubtetlly  very  costly,  and  if  opposed  by  a  large  class 
of  river-men  it  wonld  be  almost  inipos.sibIe  to  secure  the  funds  necessary 
to  get  it  into  operation.  It  may  therefore  be  considered  as  settled,  that 
the  adoption  of  the  system  of  locks  and  dams  ou  the  Ohio  Itiver  is 
dependent  upon  the  practicability  of  making  an  opening  iu  each  dam  of 
sufficient  with'  to  pass  a  coal-fieet  without  any  delay,  of  constructing  a 
movable  hydanlic  gate  to  open  or  close  this  opening  at  will,  and  of 
bnildiDg  a  chute  or  inclined  plane  of  such  length  and  shape  that  tbere 
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vill  not  be  an  excesaire  velocity  iu  it  nor  any  objectionable  wave  at  its 
entrance  or  its  exit. 

The  average  width  of  a  coal-fleet  is  125  feet.  Tbe  least  width  of  chote 
that  can  now,  in  advance  of  experience,  be  assumed  as  necessary  is  300 
feet.  Tbe  first  question  therefore  is,  can  a  gate  be  constructed  that  can 
be  made  to  close  or  open  this  passage  at  will. 

EXTEACTS  FEOM  QAGBN  ASD  BECKER. 

The  following  extracts  from  ETageii  and  Becker,  two  of  the  most  prom- 
inent writers  on  hydraulics,  will  show  what  lias  thus  far  been  done  in 
thiscountry  and  in  Europe  in  cases  similar  to  the  one  with  vbicli  we 
have  to  deal.  We  will  first  state  that,  in  order  to  preserve  clearness  in 
the  descriptions  which  we  are  abont  to  give,  all  gates  tunting  around 
au  axis  fastened  to  an  edge  will  be  called  shutters;  those  whose  ases 
are  at  or  near  the  middle  will  be  called  tcickets. 

After  discussing  generally  tbe  nses  of  movable  dams  and  their  impor- 
tance, Uagen  proceeds  to  enumerate  the  different  plans  that  have  been 
Bnggested,  prefaciug  it  with  tbe  remark  that  no  one  seems  yet  to  fnruiili 
a  full  solution  of  the  problem.    He  then  says: 

A  complete  Bolntion  of  the  problem  seems  to  require  tfaat  the  prussnre  of  tbe  water, 
Trbether  staniliti);  or  llowiu$c,  aboulil  furniab  tbe  puwer  by  nhich  the  dnm  U  er(H:t<:d  or 
removed.  Or,  again,  the  conetructioD  must  be  eueh  that,  not  withstanding  (be  requi- 
site solidity  of  the  stracCare,  it  can  be  mauaged  with  a  slight  power,  fur  whicb  oiilj  a 
fen  men  and  a  short  time  are  retguired. 

On  tbe  improvement,  or  rather  cou  verting  into  a  canal,  of  the  Lebich  River,  (Pennsyl- 
Tania,)  wblr:h  empties  into  the  Delmrare  at  Eiu>ton,Josiab  White  built  a  movable  dam  id 
161S,  which  is  maneuvered  solely  by  the  pressure  of  the  water,  and  which  he  thcnfore 
called  the  hydrostatic  dam.  (Chevalier,  Uisieire  et  description  des  vaies  de  communi- 
cation dans  les  Etats-Uuis,  Paris,  1B43,  Vol.  11,  page  464.)  It  is  hardly  proper  to  csU 
them  dams,  aa  they  really  only  form  the  lower  gates  uf  tucks.  Nevert.heluaa  the  same  ar- 
rangement is  without  doubt  useful  in  the  construction  of  an  independetit  dam.  Fij^ 
1,2,  and  3  show  a  portion  of  the  plan  and  two  lonpiudinal  sections,  abowing  the  ai- 
raogement  of  the  dam  when  the  gates  are  opened  and  closed,  taken  from  the  model,  as 
the  Wiener  Bauzeitung  iuforms  us. 

>  The  dam  is  created  by  a  gate  which  tnma  on  a  horizontal  axis, and  which  can  belaid 
flat  on  the  floor.  This  abuts  when  it  is  raised  againxt  a  second  einiilar  ga(«,  whose  aiia 
is  on  tbe  down-stream  side.  The  latter,  according  to  Chevalier's  Htateuieiit,  is  twice  as 
long  as  the  former,  which,  however,  does  not  agree  with  the  drawing  before  na.  .Both 
gates  close  as  tightly  and  firmly  as  possible  against  each  other,  the  floor,  and  both  aide 
walls.  By  this  means  the  pressure  of  the  water  uudor  tbe  gates  ctiu  be  increased  or 
diminished  by  placing  it  in  connection  with  either  tbe  wnter  above  or  below.  Th« 
gates  rise  as  soon  as  the  inclosed  water  receives  the  pressure  Trom  the  water  above, 
and  lower  as  soon  aa  the  apace  beneath  them  ia  plHCe<l  in  connection  with  the  water 
below.  The  two  wicliets  in  the  side  cuiverbi  serve  for  the  purpose  uf  creating  or  cnt- 
ting  off  the  connections  referred  to.  In  order,  however,  that  the  gates  may  not  rise  tou 
high,  projecting  strips  are  applied  to  both  of  the  side  walls,  and,  in  addition,  there  ia 
a  third  projecting  strip  on  the  lower  side  of  the  first  gate,  which  is  shown  iu  the  draw- 
ing. The  gates  must  never  riae  ao  hii;b  as  to  become  perpendicular  to  each  other,  as 
in  this  case  they  could  not  be  dropped. 

The  lift  which  is  created  by  this  BPrangBment  is  in  one  case  29  feet  high,  but  at  the 
other  seven  locks  it  is  less.  A  dam  of  this  eonBtructton  is  said  to  have  been  bnilt  in 
the  Eiiz,  at  Besigheim,  iu  the  kingdom  of  Wilrtomberg,  with  complete  anccnss. 

Hagen  then  mentions  a  plan  of  movable  dams  which  has  been  pro- 
posed. It  consists  of  placing  boxes  or  caissons  alongside  of  each  other, 
which  are  loaded  in  such  a  manner  that  at  low  stages  of  the  water  tbey 
will  firmly  settle  to  tbe  bottom,  but  when  the  water  reaches  a  certain 
point  they,  will  rise  and  float  ofi*.     He  says  of  tliis : 

Tbe  diniciiltiesof  evecntiiig  this  plan,  especially  in  swifb  wat^^r,  appear,  afti^r  care- 
ful cousidcrnt  ion,  sogi'eal  that,  as  far  aa  is  known  to  me,  no  attempt  bus  yet  been  made  TO 
apply  this  i<l>>a  tu  dams  iu  rivei's.  At  dry-docks,  arrangements  of  this  character  are  iu 
UB«i,  but  in  these  cases  there  is  no  cuireul,  either  in  placing  or  removing  them,  since 
tbe  water  ou  both  sides  is  at  tlie  same  height. 
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He  thea  gives  a  description  of  a  dam  on  the  principle  of  tlie  one  sug- 
gested by  General  Moorliead.    He  says : 

other  damn  are  eo  arranj;ed  as  to  full  irbpn  the  pressare  of  the  nater  increnses.  The 
wkkut-gate  nitli  hurizontul  axie  is  an  example  of  this  clasa.  The  gale  or  irlcket,  when 
cloaed.  rtMta  at  its  lower  eod  against  a  shoulder  in  the  top  of  the  dam.  As  long  as  the 
wat^r  above  ie  tmluw  tbe  liori^ioutal  aiia  of  the  wicket,  its  pressure  iooreases  its  stabil- 
ity. But  when  the  water  riEses  above  the  axis,  a  couoter-pressnro  is  created.  Bolb  of 
these  prcBsnrea  only  become  equal  (provided  tbe  down-stream  water  does  not  tonch 
the  wicket)  when  the  up-Btrenm  water  stands  twice  aa  high  above  the  asia  as  this  is 
above  tlie  top  of  the  dam.  If  tbe  vater  risen  higher  thau  this,  the  pressure  ou  the 
upper  part  of  tbe  wicket  becomes  greatest,  and  it  falls. 

Figures  4,  5, 6,  ami  7  show  a  dam  with  this  arrangement  in  the  Riom,  in  the  de- 
partment of  ray  de  Dome.    (Annales  des  Pouta  et  Chanas^os,  ItHa,  I,  page  231.) 

There  are  three  openingB  in  tbiH  dam,  each  12  feet  9  inches  in  leugtlii  the  wickets, 
coneinting  of  a  double. layer  of  plants,  are  2  feet  3  inches  high.  Tlie;  extend  into  the 
abutmeots,  where  they  turn  iu  receaaea  whose  edges  support  the  wiofcels  and  diminish 
the  leakage,  besides  preveoting  the  wicket  from  turning  down  too  far.  The  other 
pecniiarities  of  this  arrungeiuent  are  shown  by  the  drawings;  but  tt  muat  be  borne  in 
mind  that  when  the  waterfalls  the  wickets  do  not  raise  the  maelvea,  but  muat  ho  lifted 
np  fmm  the  abutments  by  means  of  hooka. 

Similar  taming  Eates  ot  wickets  may  be  held  In  an  nprizht  position  by  means  of 
hanging  weights.  At  high  stHges  thcHe  connti-rpuises  arc  Bnbmerged,  and  their  loss  of 
weight  causes  the  wickets  to  fall  down;  when  tbu  water  falls  the  weight  of  the 
conrtflrpoises  is  restored  and  tbe  gatea  are  raised. 

This  arrangement  hns  bt-en  practically  apiilied  ever  since  the  year  1^34,  in  the  jra- 

C-oveincnt  of  the  Ouse  above  York.    (Civil  Kuginceritig  and  Architects' Jonroal,  1840, 
I,  page  S81.) 

The  Ouse  was  formerly  navigable  only  as  far  np  aa  Selby.  Farther  np  to  York  the 
depth  on  Bovoral  gravel-bars  at  low  water  was  only  5  feet. 

To  navigate  tbiB  pirtion  of  the  river  it  wft«,  therefore,  necessary  to  await  the  spHug 
freshets,  and  the  larger  clasa  of  ships  could  not  get  up  at  all.  After  several  of  the 
ip-avel-bara  had  been  removed  by  dredging  a  depth  of  from. 11  to  12  feet  was  obtained 
at  high  w liter. 

After  this  it  was  decided  to  extend  the  navigation  of  the  river  20  miles  farther  np,  to 
Borough  Bridge. 

A  nnniber  of  locks  and  dams  already  existed  on  this  part  of  the  river ;  bat  the  depth 
of  water  in  the  intervening  pools  was  not  snfGcient,  and  it  was  impossible  to  raise  the 
dams  on  account  of  tbe  low  banks  of  the  river.  Nevertheless,  at  low  stages  in  summer 
it  was  possible  to  raise  tbe  surface  of  the  water  IS  iuchee  This  purpose  was  subserved 
by  the  wicket  arrangement  just  described. 

Two  nickete  of  this  kind,  each  74  feet  long,  IS  inches  wide  and  4  inches  thick,  con- 
etructed  of  pine  wood,  constitute  the  movable  portion  foe  increasing  the  height  of  the 
dam,  whoso  whole  length  is  14d  feet.  They  stand  upon  tbe  top  ol  the  massive  dam, 
and  are  held  at  every  tea  feet  by  strong  iron  hinges,  let  into  and  fastened  with  lead  to 
hftiDtnerBd  atone,  which  permit  them  to  tie  flat  on  tlie  top  of  the  dam.  The  movable 
•rm  of  each  hinge  ends  in  a  pin  1  inch  in  diameter,  which  projects  above  the  wicket. 
To  these  plus  flat  chains  are  fastened,  which  wind  up  on  an  equal  number  of  ecceo- 
trica.  The  latter  are  attached  to  two  iron  ailes,  each  of  which  has  the  same  length  as 
the  corresponding  wicket  These  axles  rest  on  iron  chairs,  which  are  placed  on  tbe 
up'Htreani  slope  of  the  dam.  Next  to  each  of  the  abutments  a  cOK-irheel  is  attached 
to  tbe  axle.  This  cog-wheel  is  driven  by  au other  wheel,  which  latter  is  conneeted 
■with  a  pulley  from  which  the  counterpoise  bangs. 

When  the  counterpoise  rests  upon  the  abutment  the  wickets  stand  in  a  perpendicular 
position.  This  is  tbe  case  as  long  as  tbe  water  does  not  rise  above  €  inches  over  the 
wickets,  or  2  feet  over  tbe  top  of  the  dam.  When  tbe  water  rises  above  this  point  its 
pressore  upon  tho  wicket  gains  the  ascendency  ;  they  lie  Hat  upon  the  dam,  and  their 
luflaence  upoo  raising  the  water  is  completely  destroyed.  As  soon,  however,  as  the 
water  subsides,  the  counterpoiae  sinks,  and  the  wickpts  resume  their  upriffht  poaitiou. 
Tit  is  arrangement  wan  proposed  and  carried  out  by  Engineer  Kh  odes,  audit  is  said  to 
have  given  results  in  every  respect  favorable. 

Hageii  then  goes  on  to  say  : 

Another  ingenious  arrangement  of  ancb  wickets  on  dams  was  executed  by  Engineer 
Tli^iiard,  on  theRiver  Isle,  in  theUt-partmentdelaDi)rdogne.  It  not  only  possesses  the 
advantage  of  the  one  Just  dcseribed,  in  that  theshuttur  falls  flat  opou  the  top  of  the  dam, 
but  it  possesses  besides  the  superiority  in  this,  that  do  chairs  or  other  parts  of  the  ap- 
paratns  project,  and  that,  therefore,  the  greatest  ice-fleld  can  pass  over  it  without  cans- 
lug  any  damage.    Tbe  raising  and  lowering,  it  is  true,  is  uot  caused  by  the  rise  aud  fail 
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of  the  water  itself,  bnt  tbe  attendant  mnst,  by  means  of  a  mecfaanimn  which  he  con- 
trols from  tbe  sbore,  sever  certain  conueetioas.  There  Is.  however,  no  disadraotaKe  in 
tbiv,  as  tbe  emnloymeDt  of  an  attendant  ia  alreaily  oecessary  at  that  point  oq  acooant 
of  the  lock.  The  movemeut  of  tbe  shutter  is  caused,  however,  by  the  presaun;  of  the 
water,  aud  results  at  once,  without  tbe  applicatioD  of  oniside  forces.  These  morable 
dams  were  partly  constructed  in  182S,  and  tinisbed  in  Irai.  la  the  report  of  (be  com- 
RiissioD  which  examined  them  in  IMl.no  mention  ia  made  either  of  injuries  or  repairs, 
&oin  which  it  munt  be  inferred  that  such  did  not  occur  to  any  noteworthy  degree. 

Figuree  S,  9, 10,  and  11  show  one  of  these  dams,  the  elevation  looking  down  stream. 
the  i>lan,  and  two  sections.  The  wbole  length  of  the  dam  is  151  feet;  atone  end  there 
is  slock  and  two  sluices.  The  dam  is  cre>I«d  by  the  dowa-stream  Bhatt«rs,  which  fall 
down  stream.  When  they  are  raised,  as  figare  10  showa,  they  are  held  in  position  by 
iron  props  which  abut  against  iron  plates  «□  the  top  of  tbe  dam.  It  ia  only  necessaiy 
to  trip  these  props,  and  the  shutters  fall  down  under  the  pressure  of  the  water.  For 
this  purpose  an  iron  rod  (figure  12)  is  used,  which  extenda  lengthwise  over  the  dam, 
aod  is  provided  with  teeth  at  one  end,  nhich  are  grasped  by  a  cog-wheel.  This  cog- 
wheel IB  pat  in  motion  by  a  lever  which  is  attached  to  its  axle.  The  props  are  not 
tripped  at  once,  but  In  successian,  a  different  one  being  tripped  each  time  that  the  bar 
advances  H  luches.  This  is  accompiiehed  by  means  of  pnijectinns  oa  the  iron  rod. 
whose  disIaucoH  apart  are  a  little  greater  than  the  distances  between  the  props.  The 
drawing  back  of  the  rod  before  the  shutters  are  again  set  up  is  accomplished  by  the 
same  machinery. 

Tberalsiog  of  the  shutters  against  the  pressure  of  the  water  would,  however,  be  very 
difilcnit  if  this  pressure  cunld  not  be  removed  wliile  doing  so.  The  caanter-shnttcis. 
which  fall  in  the  np-slream  direction,  are  used  for  this  purpose.  They  geuerally  tie 
flat,  both  in  high  and  low  water,  and  grasp,  hy  means  of  a  spring-latch,  a  catch  which 
is  fastened  to  the  top  of  a  post  in  front  of  each.  These  latches  can  be  moved  in  tbe  same 
manner  as  the  props  which  sustain  the  lower  shutters.  As  soou  as  one  of  them  is 
Ling  the  water  from  above  raisea  the  coiint«r-eh utter  as  far  as  the  chains  will  admit- 
eu  all  the  con uter-sh utters  are  raised  tbe  water  is  dammed,  and  several  minutes  in- 
terveue  before  it  flows  over.  During  this  interval  the  lower  part  of  the  top  of  the 
dam  is  dry.  and  the  attendant  has  the  opportunity,  without  tbe  least  danger,  to  de-^cnd 
by  means  of  a  ladder,  and' to  raise  each  section  of  the  dam  in  Buccessioii,  replacing  its 
prop  in  itB  proper  position.  Tbe  operation  is  began  on  the  side  from  which  the  attend- 
ant descends,  and  is  continued  to  tlie  other  side.  He  then  waita  until  the  water  flows 
over  the  upper  edge  of  (be  couuter-abatters,  and  the  real  shutters  become  the  dam. 
As  soon  as  this  occnra  the  pressure  ceases  against  the  cuunter-shnttHrs,  and  they  can  be 
easily  and  rapidly  pushed  down  in  sncceMsion  by  a  pole,  so  that  the  spring-latches 
again  grasp  the  catches  and  hold  them  firmly. 

The  commission  which  examined  this  construction  on  tlic  Isle  expressed  the  opinion 
that  these  shutters  could  safely  l>e  mode  from  3  to  4  feet  high,  but  in  the  latter  case  It 
would  be  well  to  limit  the  length  of  the  sectiatis  to  II^-  feet. 

Hageii  then  meittioDH  tliat  movable  dittns  have  been  coustnict^l 
■wbich  tarn  around  vertical  ases  like  lock-gates.  The  axis  is  |>lace<l 
eltberiiitheGeiit«r  of  tlie^ateortiearjt.  Tbej' are  maiiBuvered  b;  ineans 
of  valves  in  each  leaf,  assisted  by  macbinerv.  The  advantage  is  that  as 
the  gates  are  high  the  niauhiuery  for  turning  them  can  always  bo  ased. 
The  disadvantages  are  that  they  can  only  be  made  of  narrow  spaas: 
tbat,  when  open,  they  stand  in  the  stream,  and  are  exposed  to  destxac- 
tiou  by  ice  and  drift ;  and  that,  wbeu  closed,  only  the  larger  leaf  can  be 
supported,  tbe  pressure  of  the  water  having  a  tendency  t«  move  the 
other  leaf  away  I'rom  any  sup{>ort  that  might  be  constructed  for  it. 

He  then  mentions  another  form  of  movable  dam ;  this  <»nsiHt8  in 
laying  a  sill  in  tlie  bed  of  the  river,  and  swiuging,  just  above  this,  a 
beam  from  abntmeut  to  abutment,  and  then  placing,  by  band,  smalt 
scaDtling,  which  he  calls  "  needles,"  resting  against  the  sill  below  iinil 
the  beam  above.  This  plan  has  been  pnicticed  in  France  for  mauy 
years. 

A  great  iinprovcnient  on  thia  plan  was  made  by  the  French  engineer  PoinSe  a  sbttn 
time  before  lr<4U. 

The  impi-ovement  consists  iti  thia,  that  instead  of  having  a  single  awingine  beam  for 
tbe  whole  8|mii,  this  beam  ooneists  of  different  pieces  reating  uiion  niovabltt  trpstlra. 
The  lirst  duoi  of  this  kind  is  in  the  YoDtie.Juat  below  the  mouih  of  Bon ri^gne Canal, 
noar  the  village  of  Epinean.    Soon  after  (in  1^40}  a  similar  daui  was  built  in  tbe 


Seine,  Dear  Paris.  Tbe  resnlt  of  both,  bo  Tar  as  it  is  known,  aeems  to  bave  been  aati»- 
factory  jo  ererj  respect;  and  since  that  time  tbej  have  becD  erected  in  niAn;  other 
streams  in  France,  irith  frequent  alterations,  however,  in  their  ooostmction. 

Tbe  foUowing  is  a  description  of  the  first  one  erected,  (near  Epinean :) 
The  movable  portion  of  thie  dftui  ts  933  fret  \oog.  Its  maaoory-floor  has  (aa  Fig;.  13 
shows;  a  width  of  nearly  33  feet,  and  is  15i  inches  below  tbe  lowent  stage  of  water  in 
Bnmmer.  The  floor  is  about  on  a  level  with  the  natural  bed  of  tbe  river.  The  ma- 
sonry of  the  floor  is  on  an  average  abont  4  feet  thick.  A  recess,  7  feet  and  3  inches  in 
breiullh,  extends  lengthwise  along  the  floor.  In  this  tbe  wooden  frame  which  snp- 
ports  tlie  movable  iron  trestles  is  laid  and  flrmly  wedged. 

The  whole  arrangement  is  shown  io  flgnres  14,  15,  and  IS.  Tbe  edges  of  the  recess 
are  not  vertical,  but  inclined,  tbe  width  on  tbe  bnttoni  being  greater  than  on  top.  On 
the  down-stream  side  a  wooden  sill  of  Dorrespondipg  form  rests  against  the  edge  of  the 
reireSH.  Tbe  rest  of  tbe  recess  is  tiien  filled  by  a  horiHiiital  wooden  frame,  which  is 
bound  together  at  intervals  of  3  feet  2  inches  fronj  center  t«i  center  by  braces  mortised 
and  tenoned  into  it.  In  the  space  between  tbe  sill  and  this  frame  double  wedges  are 
driven  at  intervals  of  6  feet  G  inches,  by  which  the  whole  wooden  frame  is  held  in  the 

This  manner  of  fastening  is  so  simple  that  it  is  not  necessary  to  draw  off  all  the 
water  in  order  to  take  out  or  replace  the  frame.  According  to  Chanoine,  this  can 
be  done  withont  difllcnlty  in  a  3-foot  stage  of  water. 

In  lat«r  constructions  the  sill  is  entirely  abandoned,  the  dowa-atream  side  of  tbe 
recess  being  made  vertical  and  of  cut  stone,  so  that  the  frame  may  be  flrmly  wedged 
against  it. 

On  tbe  inner  side  of  the  longitudinal  beams  of  the  frame,  and  immediately  over  the 
center  line  of  each  braee,  are  laid  the  iron  collars  wherein  the  axles  of  the  trestles  tnm. 
These  collars  are  so  arranged  that  the  trestle  may  be  taken  out  and  replaced  under 
water,  t'ignre  17  shows  the  elevation  of  the  up-stream  collar.  It  is  simply  supplied 
with  a  round  bole  into  which  the  axis  is  inserted.  The  opposito  collar,  bnwever,  (Fig. 
l>i,)  has,  besides  the  hole  in  which  the  axle  lies,  a  slot  at  une  side  enlarging  npward, 
down  which  the  axle  mnst  be  shoved,  and  which  is  then  closed  by  an  iron  ping.  Tbe 
iron  trestles  do  nut,  however,  rest  entirely  on  these  collars,  as  their  axles  touch  the 
braces  just  below  tlicni,  and  a  part  of  the  weight  is  borne  by  the  latter. 

Tbe  trestles,  nearly  T  feet  in  height,  are  constructed  of  bar-iron,  jointed  and  riveted, 
exct'pt  tbe  upper  end  of  the  strut,  which  is  held  by  a  screw.  The  bar-iron  is  1-i  inches 
in  tbieknees,  and  also  in  width.  Tbe  weight  of  each  trestle  is  such  that  two  workmen 
etanding  on  tbe  foot-bridge  can  easily  raise  it  by  means  of  the  chain.  This  chain  is 
faatenea  to  the  ring  which  projects  from  the  head  of  the  screw  above  referred  to.  But 
this  chain  is  in  no  wise  indispensable,  for  an  experienced  workman  can  easily  grasp  the 
a]>per  beam  of  the  trestle  and  raise  it  into  position.  It  is,  therefore,  customary  during 
wiul«r  to  remove  the  chains,  because  they  are  frequently  caught  by  drift,  and  then  are 
not  only  subject  to  injury  themselves,  but  are  apt  to  retain  such  objects  at  the  dam,  and 
canst)  htavy  deposits  of  gravel. 

lu  constructing  the  dam,  each  trestle  is  raised  by  the  attendant  and  his  assistant  j 
as  soon  as  it  is  nearly  vertical,  and  ouly  moderate  strength  suffices  to  hold  it,  tbe  at- 
tendant leaves  tliis  part  of  the  buniness  to  his  assistant  and  seizes  the  trestle  at  the 
upper  bar  with  tbe  forwnrd  notch  of  tbe  book,  (Fig.  19,)  and  then  places  the  rear  notch 
u|>«n  the  last  trentle  raised,  which  is  now  firmly  esCablishsd.  Tbe  foot-bridge  is  then 
extended  bj  laying  three  short  planks,  abont  4  feet  in  length, alongside  of  each  other, 
and  so  far  forward  that  they  have  a  firm  bold  upon  the  newl  j-raisod  trestle.  Through 
a  notch  in  tlie  planking  a  strong  pin  fastened  to  the  upper  bar  of  each  trestle  eitends 
above  tbe  floor.  This  is  partly  to  serve  as  a  gnide  for  properly  laying  tbe  planks,  but 
mainly  as  a  firm  point  against  which  the  attendant  can  brace  his  foot  during  the  opera- 
tion of  raising  tbe  next  trestle. 

Aasoon  as  the  planks  are  laid,  two  iron  clamp-bars,  one  inch  in- thickness  and  nearly 
two  inches  in  width,  provided  with  two  notches,  (see  Fie.'.!0,)  are  laid  upon  tbe  last 
two  trestles,  after  which  the  hook  which  temporarily  held  tbe  last  treatlo  io  position 
may  lie  reniovwl.  One  of  these  iron  clamps  is  laid  on  the  up-stream  aide  of  the  beads 
of  the  screws,  and  forms  the  npper  bar  against  which  the  "  ucedli-s"  or  scantling  rests . 
Tne  other,  which  need  not  be  so  strong,  ami  is  often  eutiroly  omitted,  rests,  if  it  is  used 
at  all,  npoD  tbe  dowo-slreum  corner  of  the  trestle. 

In  this  manner  the  whole  of  the  frame-work  may  be  erected  by  two  men,  although 
it  is  geoemlly  customary  to  employ  a  third  laborer  to  carry  the  planks  and  the  clamps. 
Tbe  removal  of  the  dam  is  carried  on  in  the  inverse  order,  and  needs  no  description. 
It  Uliist  be  remarked,  however,  that  it  Is  not  necessary  to  raise  tip  or  lower  nil  of  the 
treelii's,  as  each  one,  whim  it  once  has  its  full  connection  on  one  side,  is  perfectly  safe. 
It  in,  therefore,  ijuite  ensy  to  make  an  opening  at  one  end  of  this  dam  for  passiug  ves- 
nrls.  The  last  trestle  lies  as  flat  as  tbe  rest  in  an  opening  provided  fur  thai  purpose  in. 
the  massive  abutiueoL  ^ 
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Iron  1)iirR,  project!  dj[  above  the  floor  of  the  bridge,  ore  foHtened.  an  the  ontsitleto  Xie 
top  of  the  poiita  of  each  trestle;  but,  iu  order  to  preserve  cluarness,  they  have  iiotbn-n 
indicnteil  in  the  dravin)^.  The  oue  ou  tbe  iip'Strenm  Ride  is  only  a  few  inches  hiKli, 
and  serves  partly  to  preveut  tiie  clamp-bar  from  cli]>ping  off,  and  partly  to  hold  the 
last  "needle"  iu  case  this  trestle  i>ecomes  tbe  end  of  the  dam.  The  iron  baiatthe 
other  side  rises  about  oue  foot  above  the  foot-briil);e,  and  is  also  partly  for  the  pnrpiw 
of  hoMIng  the  other  clamp-bar,  but  mainly  to  serve  as  a  rest  a^inst  which  the  "needlM" 
are  piled  during  the  conrse  of  coustrnctiug  or  removing  the  bridge. 

The  "  neeiiles"  are  made  of  strai^lit-tilmred  wood,  and  are  7  feet  9  inches  long.  2i 
inches  brond,  and  1}  inches  thick.  They  rest  at  top  against  the  clamp.bur  above  men- 
tioned, and  at  bottom  againet  the  np-stream  longitniUnal  beam  of  the  frame,  into 
which  for  this  pnrpose  an  iron  bar  is  lut.  In  front  of  the  axle  of  each  trestle  this  icno 
bar  has  a  small  projection,  which  holds  tbe  lower  end  of  the  "needles"  in  the  same 
manner  as  the  top  is  lit\ld.  Tbe  attendant  thus  has  a  gnide  at  each  trestle,  by  whicli 
lie  can  keep  the  "  needles  "  in  the  proper  position. 

The  cost  per  running  foot  of  this  dam,  inclnding  foundations,  abutmonts,  and  nil  ap- 
purtenances, waa  175  thaler.  (Sl^d  )  After  a  few  attempts  it  required  32  seconds  p>'r 
rnnniug  foot  to  take  dnwn  the  dam,  and  57  seconds  per  rnituini;  font  to  erect  it.  Bu[ 
it  waa  soon  shown  that  the  work  was  done  more  rapidly  as  soou  as  the  attendant  bail 

It  is  undoubtedly  a  qneAtion  of  gmat  importance  to  o-icertain  how  this  dam  will  art 
during  hinh-watcr,  and  whether  it  will  not  canse  large  ileposits  of  sand,  which  win 
make  it  ditHoult  to  raise  the  treaties,  and  therefure  necessiliite  the  resort  to  extrsonli- 
nary  measures  for  this  purpow.  From  all  information  which  has  become  public,  and 
from  what  could  be  learued  from  private  iuquiry,  it  seems  that  these  fears  ara  un- 
founded. Chanoioe  says  that  it  is  true  that  the  recess  ia  sometimes  filled  up  niili 
deposit,  hut  that  even  then  tbo  trestles  can  easily  l>e  raised  or  lowered  if  tliey  are  tnt 
worked  up  and  down  a  little,  so  as  to  loosen  tbe  deposit,  and  cause  the  current  to  cartr 
it  olf.  The  deposit  that  remains  in  tbe  recess  is,  according  to  tbe  same  anthorlty,  eaailv 
removed  by  forcing  a  rapid  stream  of  water  over  it,  and  tor  this  purpose  tbe  dam  il^ctf 
furnishes  every  facilitv.  It  is  only  necessary,  after  the  dam  is  constructed,  to  remoic 
a  few  of  the  "  needlea ''  at  the  point  where  the  scouring  is  to  be  done.  In  this  maoDrr 
there  is  no  difficulty  after  tbo  whole  structure  is  erected  in  completely  cleaning  tbr 
foundation  and  recess.  Even  if  the  trestles  were  found  so  completely  covered  tbel 
they  could  not  be  lifted  by  either  tba  chain  or  book,  the  proximity  of  the  alread.v  ran- 
strncted  portion  of  the  foot-bridge  would  allow  tbe  easy  removal  of  the  deposit  by  hiul- 
ecrapers,  and  thus  permit  the  triu<tle  to  he  raised. 

It  is  besides  probable  that  in  such  a  case  tbisdifnculty  would  be  removed  by  paltins 
the  "  neeilles"  in  place  as  far  as  the  foot-bridge  is  constructed,  as  by  this  means  the 
rapidity  of  the  current  would  be  so  much  increased  that  it  would  remove  tbe  deposit 
from  the  trestles  that  were  buried.  The  conditions  are  precisely  the  same  as  in  builil- 
iug  a  wing-dam,  or  dike.  Tbe  portion  of  the  dam  already  erected  is  nothing  but  apH- 
pendicular  wiug-datu  with  a  very  steep  face,  and  precisely  as  such  a  work  under  otlin 
circumstances  causes  a  great  scour  at  its  outer  end,  so  in  this  case  wiU  it  remove iN 
gravel  ami  sand  from  the  foundatioQ  of  tbe  dam. 

In  some  instances,  as  in  the  SaOne,  l>etweeu  the  Ehine-Ehone  Canal  and  Lyons,  lie 
arrangement  jast  describerl  does  not  tbrm  tbe  entire  dam,  but  is  only  an  addition  to  On 
permauont  striictDre,  whicb  in  this  case  risea  to  ten  inches  above  tbe  lowest  attge  «< 
water.  (Aanalei  lUi  Ponti  et  Chaiutiea,  1H45,  I,  page  10.)  Ia  this  arrangement  tbrn 
is  undoubtedly  no  trouble  with  deixwit,  or  at  fnrtbest  only  with  that  which  the  rec»« 
contains.  Itut  even  this  cannot  occur  bare,  as  the  foot-path  consists  of  iron  platesfwt- 
ened  to  the  upper  bar  of  tbe  treaties  in  such  a  manner  that  it  lies  down  with  tlu 
trestles,  and  thus  makes  »  cover  which  elfectually  closes  tbe  recess  and  conceals  llx 
whole  apparatus.    The  details  of  this  arrangement  are  thus  far  unknown. 

A  great  odrantage  of  this  dam  ia  that  the  at-age  of  water  can  he  kept  at  any  point 
'  in  case  of  risen  by  simply  ronioving  a  proper  number  of  needles.  It  Is  advantageous 
however,  not  to  make  this  opcDJD);  at  one  point  alone,  hut  to  make  numerous  otwDiti^' 
Duiforuily  distributed  along  tbe  whole  dam.  The  attendants  are  able  to  judge  viil' 
great  accuracy  in  this  matter,  sn  that  it  is  not  necessary  for  them  to  make  oontinnal 
experiments,  bnt  they  are  iipmediutely  able  tu  tell  bow  many  needles  it  is  uecessarjiD 

When  the  water  helow  the  dam  is  high,  with  a  strong  wind  up  stream,  there  ia  itati- 
ger  that  the  waves  miiy  iilt  the  foot-path  from  its  (lotiition  and  carry  it  away.  Tbis 
evil  is  averted  by  drawing  the  chain  diagonally  across  tbe  foot-bridge  between  llit 

The  erection  of  tbe  trestles  and  tbe  placing  of  the  "  needles  "  does  not  geaerallt  "■ 
quire  haste,  as  the  low-water  stage  of  rivers  and  streains  generally  comes  gradaall.i. 
Un  the  other  hand,  rises,  especially  in  mountain  streams,  (where  these  dams  aregeur* 
ally  used,)  often  occur  suddenly,  in  which  case  tbe  arrangement  just  described^ 
removing  the  "  needles  "  is  not  as  rapid  a  maneuver  as  the  circumstances  requite- 
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TUU  is  ptirticalurl;  tbe  cose  wben  the  rise  occura  at  oigbt,  liecanae  tbes  tbe  work  u 
(Iclnyed  b;  darkneaa.  ProvUioii  for  tbe  conreDieut  and  safe  use  of  lunterus  mast 
naturally  be  made,  but  tbe  liftrng  out  of  tbe  "needles"  may  be  avoided,  and  tbe 
Btream  may  be  made  to  pusb  down  the  sections  betweoa  the  trestles,  if  tbe  iroD  clamp- 
bar  is  airanf;ed  in  tbe  satue  manner  as  the  tnrning-beam  above  described.  This  ar- 
raofrpment  is  made  at  tbe  dam  in  tbe  Seine  at  Saint  Morion.  (Annala  de»  Pontg  «( 
Ckaatsets,  1843, 1,  pa^  350.)  Each  needle  is  pro-tdded  witb  a  stroog  rio);  at  its  handle. 
A  line  is  tied  to  the  nne  of  the  "  needle  "  next  t«  each  trestle,  and  passed  through  the 
rings  of  STerj  ''  needle  in  that  section  and  then  fastened  to  a  stronE  hawser  which 
reaches  the  whole  length  of  tbe  dam.  In  this  manner  all  tbe  "  needles  remain  hang- 
ing in  bundles  when  the  trestle  is  lowered,  and  as  only  one  end  of  the  hawser  Is  fas- 
tened they  are  driven  against  the  bank;  afterward  they  are  easily  loosened  and  carried 
to  the  Btore-bDose. 

The  clamp-bar  most  be  arranged  differently  from  the  manner  above  described  if  it  is 
(o  be  loosened  when  the  "  needles  "  are  stilt  pressing  against  it.    The  arrangement  is 

Snite  complicated,  and  is  made  more  so  by  the  necessity  of  gnardinr  aeainst  all  aoci- 
ental  or  malicioas  movements  which  wonld  result  in  the  opening  of  the  dam.  I  will 
describe  here  only  the  material  part  of  the  arrangement.  Figs.  -21, 22, 33,  and  34  show 
it  in  plan,  and  in  front  and  side  elevation.  The  clamp-bar  nas,  in  every  instance,  a 
hook  3^  inches  broad  and  1  Inch  high.  At  one  end  it  is  provided  with  a  hole,  through 
which  passes  a  pin  which  pn^ects  above  the  trestle.  Attfaeotherend  the  hook  is  beut 
into  a  cylindrical  form,  which  grasps  the  pto  on  the  trestle.  The  front  aide  of  the  hook 
forms  an  even  surface,  against  which  the  "  needles  "  rest. 

To  pTsvent  the  hooks  from  being  loosened  by  the  pressure  of  the  "  needles  "  there  is 
an  eccentric  disk,  which  turns  arunnd  the  shank  of  the  ring  previously  mentioned,  to 
which  the  chain  fur  raising  the  trestle  is  fastened.  Fignres  SI,  32,  and  23  show  the 
eccentric  disk  in  tbe  position  in  which  it  holds  the  hook.  In  t'ig.  24  it  is  turned  so  far 
that  the  hook  no  longer  takes  hold  and  the  trestle  may  be  laid  down.  Before  the  eccen- 
tric is  turned  into  this  position  the  trestle  mnet  be  held  by  tbe  light  hook  (Fig.  19) 
nntil  the  foot-bridge  can  be  removed.  Tbe  position  of  the  eccentric  disk  is  finally  fixed 
b;  a  key,  which  must  be  raised  whenever  it  is  to  be  turned.  If  the  latter  is  in  such  a 
position  that  the  eccentric  disk  is  clear,  as  is  shown  in  Fig.  24,  a  blow  on  the  point  of 
the  disk  wilt  cause  it  to  turn,  and  tbe  pressure  of  the  "  needles,"  which  is  transferred 
to  the  hook,  will  complete  it.  The  hook,  however,  is  removed  before  the  trestles  are 
allowed  to  full. 

Finally,  it  ninat  be  atate<l  that  the  abiitmenta  at  St.  Morion  are  not  provided  with 
rpcessee,  but  that  the  laHtclauii)int{-l)ar,  wboae  len);th  ia  equal  to  the  lii^ight  of  atreatle, 
lurns  on  a  vertical  axis  and  is  held  in  its  position  by  a  brace.  It  reata  nat  aj^inst  tbe 
wall  when  the  dam  is  lowered. 

Becker  also  speaks  of  the  great  importance  of  movable  dams,  and  tben 
gives  a  description  of  aeveral  kinds  already  constcucted,  all  of  which,  ex- 
cept one,  are  given  by  Hafren,  This  one  is  a  combination  of  the  systems 
of  Th^nard  and  Poiree.     He  says: 

The  systems  of  Tb^nard  and  Poiree  can  bo  combined  with  advantage  to  form  a  sys- 
tem peculiarly  adapted  for  sluices  which  must  be  rapidly  opened,  or  which  are  rega- 
lalud  by  the  water  itself  and  need  no  attendance.  Figs.  25,  26,  27,  28,  and  23  show 
the  construction  of  such  a  dam  as  it  is  built  across  the  Seine,  at  Courbeton,  iu  tbe  vicin- 
ity of  Moutereau.  A  needle-dam,  124  feet  S  iucbes  in  length,  abutJ)  aj^uiuat  tbe  tail-wall 
(if  a  lock.  To  carry  off  the  surplua  waler  in  high  stages,  a  sluice  3!)  feet  4  inches  wide 
sulhcea.  This  sluice  was,  therefore,  built  according  to  this  mixed  system,  and  is  sepa- 
raled  from  the  needle-dam  by  an  abutment  3  feet  3  inches  thick. 

When  the  sluice  is  closed,  the  shutters,  Figs.  96,  2ti,  and  29,  are  raised,  and  the  iron 
trestles  of  the  dam  are  also  raised,  and  aerve  as  support  for  the  plonks  of  a  foot-bridge.    - 
The  needles  are  not  used. 

When  the  water  rises  it  flows  into  a  culvert  in  the  shore  abntment,  and  thence  to  a 
small  water-wheel  5  feet  3  inches  in  diameter  and  20  inches  wide.  (fig.  26.)  On  the 
axle  of  this  wheel  there  is  a  bevel-wheel,  which  works  into  another  bevel-wheel,  on 
whoea  axle  there  is  a  rectangular  cog-wheel  wliich  works  into  auotber  wheel,  whoso 
axle  is  vertical  and  reaches  down  to  the  foundation  of  the  dam.  At  tbe  lower  end  of 
this  axle  there  is  another  oog-wheel,  which  wo  "  " 
27,)  whose  motion,  in  a  longitndinal  direction,  a 

As  soon  as  enough  shutters  have  fallea  to  redace  the  water  to  its  former  height,  the 
water-wheel  stops,  and  no  further  opening  of  tbe  sluice  takes  place. 
At  high- water  tbe  effect  of  the  water  upon  tbe  water-wheel  only  ceases  when  all  the 

From  tbis  it  ia  easily  eeen  how  tbe  stage  of  water  regulates  itself,  and  preveota  a  flow 
over  the  top  of  the  needle-dam.  | 
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If  it  18  desired  to  raise  the  shutters  after  the  subsidence  of  tbe  flood,  the  lock-tender 
places  the  "needles"  in  position,  and  thus  constirocts  a  prolectloD,  belli  ud  wbick  hecu 
raise  all  the  shutters,  with  ease,  hy  hand. 

AJter  tbe  shutters  are  all  raisi^d  tbe  "  ueedles  "  are  aKain  removed,  and  tbs  planks  ol 
tbe  fooWiriiige  replaced,  in  case  they  were  removed  duriug  tbe  high  ataj^e  of  tbe  waler. 

Should  the  watcr-nbsel  remaiu  in  motion  louger  than  la  ueceHsary  for  tbe  compleie 
movement  of  the  iron  rod,  there  is  on  arrauKemenC  attached  to  the  mechanism  bj 
which  tbe  piuion  that  moves  tbe  rod  is  thrawu  out  of  k^i^'-  (itniialcs  du^  Paata  it 
ChausaiSeB,  IdSl-'Sd.) 

METHODS  IN  USE  IM  IBDIA. 

The  arraugmuent  of  double  sbuttera,  shown  la  Figs.  8,  9, 10, 11,  and 
12,  lias  been  auccessfiilly  used  ia  Urissa,  in  India,  on  tbe  anient  or  dam 
across  the  Mahnnuddy  liiver  at  Outtact.  The  following  description  is 
taken  from  the  Koorkee  Treatise  on  Civil  Eugineering,  volume  ii,  para- 
graph 7U3 : 

lostead  of  tbe  small  sluices  provided  as  in  the  Kistaa,aad  other  aaicut«,  a  Isrgn 
kiud  of  sluice,  on  tbe  Freucb  pattern,  lias  lately  bcou  suucciMfully  employed  ou  tbt 
Mahannddy  anicut  iu  Orissa. 

The  center  sluicea  are  divided  into  10  bays  of  50  feet  each,  by  piers  of  masour?. 
Each  bay  is  closed  by  a  double  row  of  tiuiber-sbutters,wbii:li  arefaateued  by  wrouf^i' 
irou  bolts  and  binges  to  a  heavy  beam  of  timber  imbeddod  in  the  masonry  door  of  tbe 
sluices.  There  are  sevou  upper  shutters,  and  seven  lower  or  rear  shutters ;  tbe  latter 
are  9  I'eet  iu  beight  almve  the  floor,  aud  tbe  fonuer  7i  feet. 

Uuriug  iloodit,  therefore,  tbe  up|>er  row  of  shutters,  which  fall  forward,  is  fastannl 
dowu  by  clulcb-Kearint;  iu  an  almosl;  boril^oiital  position,  while  tbe  rear  set  of  shuttei^i 
which  fall  backward,  is  kept  during  Hood  in  a  hurl^utoL  posittou  by  tbe  water  lusb- 

Uuriug  the  samnier  season  these  rear  abutters  have  to  do  the  duty  of  damming  u? 
the  water,  aud  for  this  purpose  they  are  provided  with  strong  wrout;ht^irou  slnjs  <•' 
struts  attached  to  them  bebind  or  on  tbeir  lower  side.  As  it  wouUl  be  almost  iai|>u- 
Bible,  however,  to  lift  these  back  shutters  with  a  depth  of  5t  feet  of  water  tearing  uter 
them,  tbe  upper  shutters  are  so  constructed  as  to  render  this  a  matter  of  compatatira 
ease.  As  the  upper  shutters  point  up  stroam,  the  natural  tendency  of  the  po««ifiil 
current  passing  over  is  to  lift  them  up.  Ity  simply  onclntchiug  tbem,  therefore,  ibc; 
imined  lately  rise  aud  dam  up  the  water,  being  retaiued  iu  position  by  twosetsofcbainik 
which  take  tbe  strain  off  tbe  hinges.  The  water  being  thus  dammed  up,  tbe  bai't 
shnttere  are  easily  liftml,  and  permit  iu  their  turn  of  the  upper  shuttera  being  luneRd 
forward  into  their  horizontal  position. 

The  an  per  in  tending  engiaoer,  Mr.  Walker,  in  reporting  on  them,  conaidMS  it  it 
established — 

let.  That,  with  tbe  shutters  constructed  on  tbe  Freucb  pattern,  and  with  a  head  k 
pressure  of  IwtwuHU  Hve  aud  six  Isct,  5UU  linear  feel  of  sbuttoi-s  can  be  easily  loweinl 

2d.  That,  nnder  the  same  condition,  an  equal  length  of  opening  con  be  closed  in  H 
miuutes.    In  closing,  tbe  shutterB  may  be  said  to  he  self-aciing. 

3d.  That  when  tbe  back-atays  ore  releaaed,  tbe  falling  ahntters  ace  received  upon  t 
cushion  of  water  in  time  to  prevent  any  undue  concussion. 

4th.  That  (he  action  of  the  water  iu  lifting  tbe  upper  abutters  brings  no  esoesaire 
jerk  on  the  chains,  but  that  it  is  advisable  that  choina  have  an  adjust iag-screw  £lK^ 
on,  80  as  to  make  the  strain  perfectly  uniform.  The  shutters  were  brought  homoiai 
cnrrent  of  10  feet  per  second. 

5th.  That  three  men  can  knock  away  the  backstays  with  a  pressure  of  between  fito 
and  six  feet  with  ease  and  security. 

Gth.  That  twelve  men  are  necessary  to  lift  each  of  the  back  shutters  into  position. 


e  dara,  two  and  one-third  miles  in  length,  is  now  in  process 
of  construction  across  the  Soaiie  Itiver  at  Dehree,  where  it  emerges  from 
the  Kymore  Jiilla  and  enters  the  plaius  of  Behar,  through  which  it  floss 
sixtv-tive  miles  to  its  junction  with  tbe  Ganges.  At  each  end  of  tbf 
dam,  aud  at  its  middle,  nuder-sUiices  are  provided  in  order  to  prereit 
an  accumnlatiou  of  alluvial  deposit  above  tbe  dam.  Those  at  the  enils 
are  enpeciallj  designe-d  to  keep  clear  the  heads  of  the  irrigation-canals 
which  start  at  each  bank,  aud  take  their  water  from  the  \wol  formed  by 
the  dam.  ,-,  , 
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The  sluice-gates  are  to  be  made  ou  the  doable-wicket  plan,  with  some 
tDodifleatioti,  aad  the  followiug  description  is  talcen  from  the  London 
EogiDeeriiig,  vol.  xri,  p.  210 : 

We  proceed  to  |[{ve  b  Bbort  description  of  tbe  self-acting  abutters  iuveated  b;  Mr. 
Fonracres,  which  are  used  to  opea  or  close  the  nnder-sliiic^s  iu  the  wear.  We  bavD 
already  stated  that  tbere  are  three  seta  of  ahiicea,  of  25  opcDin^,  of  30  feet  in  each  set, 
and  that  only  in  times  ol  flood,  and  in  order  to  aconr  ont  auy  deposit  which  maybe 
fomied  opposite  the  lock-entrance  on  either  bank,  are  they  reqiiire<l  to  be  opened.  The 
nsual  practice  in  works  of  this  kind  ia  to  haveKmall  openiuga  of  sis  feet  in  width,  with 
%  roadway  ovevbeiul.  the  openioKS  being  closed  or  opened  by  gear  from  the  top,  bat  it 
waa  found  by  tliaa  dinimishing  the  aize  of  the  passages,  the  efficiency  of  the  scour  was 
alao coDsidembl;  diminished,  and  moreover  openings  of  that  size  were  unable  to  pass 
through  them  al]  the  large  timber,  wrack,  and  brnahwood  which  an  Indian  river  brinn 
down  ID  times  of  high  flood.  It  was  therefore  attempted,  in  Orissa,  to  increase  consid- 
erably the  size  of  the  sluice-openings  in  the  wear  in  the  Mahanuddy  River,  and  abut- 
ters oo  the  plan  adopted  by  French  engineers  in  the  navigation  of  the  Seine  were  oon- 
Btrncted. 

The  objection  to  this  plan  was  that  the  upper  shntter  was  raised  by  the  stream  with 
such  velocity  and  force  that  the  chain-ties  supporting  it  fruimently  gave  way,  and  the 
shutter  was  carried  off  its  binges.  It  was  also  necessary  that  the  shutter  should  be 
salf-acting,  as  t«  opening  itself  to  let  a  flood  pass  tlirongb  the  sluices,  and  it  was  to 
meet  these  two  Tequirements  that  Mr.  Fonracres's  self-acting  shutters  were  invented. 
Flfp).  30,  31,  and  32  ithovr  three  views  of  rheae  shutters  iu  different  positions,  and  Figs. 
Xt  and  34  show  two  Arctioris  which  will  further  assist  in  explaining  the  arrangement. 

Fig.  30  shows  the  sluice  "  all  clear,"  with  both  shutters  down,  lying  on  the  floor,  the 
floods  being  supposed  to  be  running  freely  between  the  piers,  which  sre  S  feet  in 
h«i(rbt.  W  hen  it  becomps  necessary  to  close  Ae  sluice,  and  shut  off  the  water  flowing 
thrungh  it,  a  clutch  worki-d  from  a  handle  from  the  top  of  the  pier  is  turned,  which 
frees  the  shutter  from  the  floor,  and  it  then  floats  partiaUy  up  from  its  own  buoyancy, 
when  the  stream,  impinging  nuder  it,  raises  it  lo  an  upright  position  with  great  force, 
shilttiiig  up  the  slnice-way.  But  if  a  shutter  'iO  feet  long  were  allowed  to  come  up 
with  such  pressure  it  would  either  carry  away  the  pier  or  be  carrieil  away  itselfl  To 
destroy  this  shock,  Mr.  Fiiumures  hss  contrived  aii  hydraulic  buffors  or  raois,  which 
aleo  act  as  struts  for  tba  shutter  when  in  an  upright  position.  These  i^ins  are  Hiuiply 
pipes  with  a  long  plunger  inside ;  (see  enlarged  suction.  Fig.  35 ;)  the  pipes  fill  with 
water  when  the  shntter  is  lying  itown,  and  when  it  commences  to  rise  the  water  has  to 
be  fnrceil  out  of  them  by  the  piniiger  in  descending,  and  as  only  a  small  orifice  is  pro- 
vided for  the  escape  of  the  wuler,  (hi  ascent  of  the  shntter  forced  up  by  the  stream  is 
slow  and  gentle,  insteiid  of  lioiiig  violent. 

The  water  is  now  shut  off  etfeetually,  as  shown  in  Fig.  31,  but,  without  other  means 
beiuR  takea,  It  would  be  impossible  to  open  the  i<lmce  agatn,  as  it  could  not  be  forced 
op  stream,  Another  shutter  is  therefore  provided  below  it,  as  shown  in  Figa.  33  and 
'M,  this  lower  shntter  being  arranged  so  that  it  van  be  lilW  np  by  hand  and  placed 
upright,  as  Hbown  in  Fltr.  32.  The  water  is  then  allowed  to  fill  the  space  between  the 
two  stintt-ers,  and  the  upper  one  can  then  be  thrown  dowu  on  the  floor  agftin,  hut 
the  lower  one  ia  held  up  by  ties  which  are  hinged  to  it  at  one-thitd  of  its  height,  and 
by  this  Dieans  it  ia  balanced,  and  resists  the  pressure  on  it  until  the  water  rises  to  its 
tup  edge,  when  It  loses  its  equilibrium  and  fulls  over,  thus  opeuing  the  sluice  again. 
The  shutters  can  be  left  to  fall  of  themselves  if  the  river  rises  in  the  uight,  or,  if  it  ia 
nut  thought  expedient  to  let  them  full,  they  can  be  made  fast  by  a  clutch  on  the  pier- 
head, as  shown.  By  these  exiieilienta  these  large  sinice-ways,  'M  feet  broad  and  8  feet 
d«e]t,  can  be  shut  off  or  opened  as  required,  with  the  greatest  facility  and  expedition, 
aud  the  whole  set  or*J5  sluices  can  be  opened  iu  a  few  uiiuntes,  and  when  opened  they 
can  pass  through  them  anything  that  the  river  brings  down  without  danger  to  the 
wear.  It  has  bven  proposed  to  iiridge  over  the  pieni  with  a  light  iron  foot-bridge  to 
enable  a  mau  to  work  the  clutches  of  the  shutters  more  easily. 

It  will  be  neen  from  the  aLmve  that  ia  the  sluices  of  the  Mahanuddy 
dam  the  opeuinj:;8  are  50  Teet  ia  nidth,  and  are  closed  by  seveu  shatters 
of  each  kind,  giving  a  width  of  a  little  more  that  7  feet  to  each  shutter, 
while  ill  the  Boauc  dam  each  openiug  is  20  feet  wide  aud  is  closed  hy  a 
single  shutter. 

CHAHOINE   WICKETS. 

In  the  Annates  den  Ponta  et  Chamiiees.  tome  2,  18C1,  there  is  a  very 
complete  memoir  oii  oue  kind  ot  movable  dams,  prepared  by  Mil,  Gha*  ^ 
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noiue  and  De  Lagreni^',  of  tbe  Corps  dea  Ponta  et  Chaussdef.  This  me- 
moir gives  a  full  detailed  descriptiou  of  vhat  is  known  as  the  Cbauoine 
system  of  wicketi". 

It  should  first  be  stated  that  the  dams,  priucipall;  on  the  Seine  aoil 
Youne,  to  which  these  wickets  have  beeii  applied,  consist  of  aloct,  i 
pass  for  navigatioQ  whose  Bole  is  about  even  with  tbe  bottom  of  tbe 
river,  a  pier,  a  weir  whose  sole  is  about  3^  feet  above  the  river-bottom, 
and  an  abutment. 

The  Gbanoiue  wickets  are  shown  in  Figs.  37  to  45.  Figs.  37,  38,  vai 
39  represent  the  wicket  of  a  navigation-pass ;  Figs.  40,  41,  aud  ^  the 
wicket  of  a  weir ;  aud  Figs.  43,  44,  and  45  show  the  manner  of  raising 
the  wickets  b;  a  boat,  provided  with  a  windlass  and  other  suitable 
equipments. 

The  Chanoiue  wickets  are  of  two  kinds,  automatic  for  tbe  weir  and 
noD-autODiatic  for  the  pass  for  navigation,  or  chute.  They  differ  from 
the  shutters  previously  described  in  having  the  axis  of  rotatiou  at  from 
one-tbird  to  live-twelfths  (be  vertical  height  from  the  foot  of  the  wicket. 
This  axis  is  supported  by  a  small  iron  horse,  which  is  itself  movable  op 
and  down  stream  around  its  foot.  The  bead  of  the  prop  rests  on  a  pjn, 
passing  through  boxes  fastened  to  the  cap  of  the  horse,  and  its  foot  resu 
against  a  beurter.  To  throw  dowu  a  wicket  the  foot  of  the  prop  is  pushed 
away  from  the  heurter  by  the  projections  of  au  iron  rod  worked  from  the 
abutment.  These  projections  are  ^o  spaced  that  the  wickets  are  tbrovn 
dowD  in  succession.  This  arrangement  is  adopted  from  tbe  Tb^Dard 
system,  which  has  already  been  described.  To  permit  this  movement, 
the  hole  at  the  head  of  the  prop  is  larger  than  the  pin  which  connects 
it  with  the  horse. 

The  wickets  for  the  navigation-pass  are  binged  at  five-twelfths  tbe 
vertical  height  from  the  bottom,  and  are  i)rovi(led  with  a  flsed  counter- 
weight  at  the  foot.  In  vertical  height  they  vary  from  8  feet  10  inches 
to  10  feet  2  inches,  and  when  in  position  are  inclined  down  stream  under 
an  angle  of  15°,  Tbe  portion  of  a  wicket  above  the  axis  of  rotatiou  is 
called  the  chane,  and  that  below  tbe  axis  tbe  breech. 

The  wickets  of  the  weir  are  smaller  than  those  of  the  pass,  and  iK 
hinged  at  abont  oue-tbird  tbe  height  above  the  bottom,  so  that  wben 
there  is  a  fiow  over  the  top  of  more  than  8  inches  in  depth,  tbe  pressnre 
above  tbe  axis  of  rotation  exceeds  that  below  it,  and  tbe  wicket  swings 
into  a  position  nearly  borizoutiil,  thus  opening  a  passage  for  the  water. 
The  weir-wickets  are  provided  with  movable  counterpoises,  in  addition 
to  the  fixed  ones,  with  the  expectation  tbat  after  being  swung  they  vill 
close  of  themiiielves  when  tbe  water  recedes.  As  will  be  found  furlher 
on,  this  arrangement  did  not  work  satisfactorily.  These  wickets,  lil(^ 
those  of  tbe  navigable  pass,  could  be  tripi)ed  by  an  iron  rod,  worked 
from  tbe  abutmeut,  whenever  a  great  flood  made  it  desirable  to  tbron 
them  down  fiat,  on  the  top  of  the  weir.  It  was  not  thought  desirable  to 
make  the  wickets  of  the  navigable  pass  automatic  for  fear  lest  ttej 
should  be  thrown  down  by  floating  bodies,  which  might  become  entan- 
gled, aud,  by  preventing  the  wicket  from  lying  flat,  make  a  dangeioas 
obstruction  to  boats. 

The  wickets  of  the  weir  varied  in  height  from  5  feet  5  inches  to  6  feet 
7  inches,  and  their  axes  were  placed  about  an  inch  and  a  half  bigber 
than  one-tbird  the  total  height  above  the  sill.  All  wickets  are  made 
about  4  feet  wide  to  facilitate  maneuvering. 

To  raise  the  wickets  a  boat  30  feet  long  and  8  feet  wide  was  used, 
which  was  worked  from  above  the  dam,  and  was  provided  with  ropes, 
fenders,  aud  windlass.    To  raise  the  wicket  nearest  tbe  baak  the  boat 
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Tas  placed  along  the  upper  side  of  the  abutment,  at  right  angles  to  the 
carreQt,  with  its  bow  projecting  half  the  width  of  a  wicket.  By  means 
of  a  boat-hook  the  attendant  seized  the  handle  on  the  lower  end  of  the 
wicket.  As  soon  as  this  was  done  his  assistants  commenced  winding  in 
a  rope,  listened  to  tiie  lower  end  of  the  boat-hook,  and  passing  thence 
around  a  pulley  in  the  bow  to  clie  drum  of  the  windlass.  The  wicket 
was  thus  raised  into  a  iorizoutal  position,  and  the  current  pressing 
down  on  the  breech  swung  it  into  place.  As  soon  as  one  wicket  was 
raises!  the  Itoat  was  pushed  forward  the  width  of  a  wicket,  and  the 
operation  was  repeated  until  the  pass  was  entirely  closed.  There  is 
always  an  interval  between  thp  wickets  of  a  little  less  than  two  inches, 
and  by  inserting  keys  in  the  intervals  between  the  wickets  already 
raised,  aud  by  usiug  fenders  and  a  cable  fastened  t«  the  abutment  the 
boat  is  secnrely  held  in  place  throughout  the  maueuvor.  The  wickets 
of  the  weir  are  raised  in  the  same  way. 

C03IPAHIS0N  OF  THE  POIEfiE,  CHiNOINE,  AJJD  DESPONTAINBS  SYSTEMS. 

In  tome  si,  Annates  des  PonU  et  Ghauts^,  1S6C,  M.  de  Lagren^,  engi- 
neer desP  onts  et  Chaussf^es,  makes  a  comparison  of  the  different  meth- 
ods of  constrncting  movable  dams,  aud  the  following  is  an  abstract  of 
liis  article : 


At  the  prcnont  momeot  ilnma  ore  in  course  of  onstrnctluD,  noli  manf  miles  apait' 
that  differ  ossentially  ;  tliiiH  on  the  Seine,  below  Paris,  the  needle-dam,  invented  In 
1833  by  IniipecttfrQeneral  Foir^,  bas  been  adopted ;  above  Paris  the  dam  with  movable 
wicketa,  invented  in  1^3  bv  Chief  Engineer  Chanoine,  has  been  ohoaen  ;  while  on  the 
Mame  the  movable  dams  of  the  Upper  Seine  are  nseil,  bnC  under  different  nonditions, 
and  with  the  addition  of  the  drum-vriukets  inventeil  in  1864  b;  luapectoi-General  Des- 
fontnlnea. 

These  three  systems  are  those  which  he  compares.  As  the  Poir^e 
needle-dam  has  been  fully  described  already,  also  the  Uhanoine  wick- 
ets, only  his  conclusions  will  be  given  in  re^rd  to  these  two  systems, 
bat  a  full  description  will  be  given  of  the  Desfontaines  drum-wickets, 
[hattaseg  h  tambour.) 

The  Poir^e  needte-dams  were  first  designed  for  heights  of  5  feet,  but 
they  have  gradually  been  heightened  to  10  feet  10  inches. 

And  as,  in  fact,  a  dam  on  any  system  whatever  is  always  an  obstacle  to  navij^ation, 
It  was  nataral  to  limit  their  number  as  much  as  possible,  and,  in  consequence,  to  give 
to  each  one  the  greatest  height  compatible  with  itK  Jocatiun  and  details  of  constrnation. 

It  wilt  at  once  be  understood  that  if  a  Huddun  flaod  aboiiid  come,  or  even  a  simple 
artitlcial  wave,  the  foot-bridge  for  managing  a  uetdle-dain  might  be  submerged  before 
there  was  time  to  remove  the  ni:eillt>s,  and  serious  occideniis  might  happen  either  to 
the  dam,  to  navij^tion,  or  to  riparian  pruperty.  An  endeavor  wai  madu  to  avoid  this 
danger  by  means  of  a  perm»ni:nt  weir  connected  with  the  pass,  having  a  needle-dam; 
tbns  at  the  Epinean  dam,  whose  pass  in  230  feet  wide,  with  a  sill  16  Inches  below  low 
water,  M.  Poirt!e  added  a  mssonry  weir  4011  feet  long,  raised  to  'i  inches  below  the  leve 
of  the  pool ;  at  tlie  Bezons  dam,  consisting  of  an  open  puss  158  feet  in  length,  with  its 
Bill  21  feet  below  low  water,  and  a  higher  pass  l.^j  feet  in  length,  with  its  sJl  16  inches 
below  low  water.B  permanent  weir  has  been  added  1,411  feet  in  length,  and  at  an  ele- 
vation of  16  inches  below  the  level  of  the  pool  ;  but  siicb  a  weir,  admissible  (or  small 
lifbi,  beeomee  very  costly  when  the  lifis  are  great.  Moreover,  in  certain  cases,  the 
Hubmersion  of  the  needles  and  trestles  can  still  occur  in  qpite  of  it. 

To  diminish  the  danger  of  submersion,  while  at  the  SHine  time  avoiding  the  coat  and 
inconvenience  of  a  permanent  weir,  and  also  to  facilitate  navigation  by  artificial 
waves,  the  bars  that  support  the  needles  have  been  arranged  so  that  the  look -tender 
can  easily  disengage  them.  The  needles  of  each  bay  are  then  carried  away  by  the  car- 
rent,  aa  the  look-tender  snooessively  ojfens  the  bays  \  but  ae  the  precaution  is  taken  to 
fasten  them  to  ropes,  they  are  easily  nshed  up  from  below  tlie  dam. 

At  the  dams  ou  the  Youiie  the  escni)emeut  consists  of  an  eccentric 
which  permits  the  oi)ening  of  131  feet  of  pass  in  15  minutes,  while  au 
hour  used  to  be  required  with  the  old  arruiigemeutti. 

^'~^  r.-,:,..dbv  Google 
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The  Belgian  inelliod  allows  tUe  needles  of  each  bay  to  escape  in  ^ 
body,  but  tbe  trestles  remaiti  standlDg.  Tbe  French  method  drops  each 
trestle  as  the  needles  attacbed  to  it  are  loosened.  By  the  Belgian 
escnpemcDt  the  beads  of  the  needles  must  pass  nnder  the  sheet-iron 
floor  of  the  foot-bridge.  The  disadvantagen  of  this  arrangement  will  be 
shown  presently.  The  employment  of  escapements  does  away  with  the 
necessity  of  laising  tbe  needles  by  hand,  and  tbus  permits  the  constmc- 
tiou  of  higlier  dams. 

METHOD  OF  UANEUTERINQ  A  MEBDLE-DAM. 

Let  ua  recall  in  a  feir  words  bow  a  Deedle-dam,  famished  nitb  escapomeuta,  iui 
wltbont  pcrmaDent  wear,  is  managed. 

Soppoee  it  to  be  eotirely  closed.  If  tbe  diiebarge  ia  nearly  that  of  low  water,  lie 
filtralions  between  the  Qeedles  can  be  reduced  b;  throwing  iu  fpiws  just  above  tbes. 
If  a  rain  shonld  come  sufficient  to  raise  the  level  of  tbe  pool,  tbe  attendant  mahti  ■ 
safflcient  nnmbei  of  openings  in  the  part  of  tbe  dam  farthest  front  the  lock,  by  remoi'- 
iog  only  a  few  needlee  from  each  hay,  eo  ae  to  divide  the  issuing  current.  As  tbe  dit- 
charge  dimiuisbes,  tbe  attendant  gradually  replaces  needles  that  have  been  removed. 
When  the  rainy  season  approaches,  tbe  dam  is  prepared  for  opening.  With  tbis  vit* 
he  passes  the  ropes  tlimngb  each  group  of  needles  yet  reuiaiuing  between  tbe  tmClK. 
and  fastens  theiu  to  tbe  shore  in  the  customary  manner,  and  as  soon  as  tbe  lift  of  tli( 
dnni  is  reduced  to  a  height  determined  beforehand,  be  looses  the  escapements  and  lov- 
ers the  trestles  in  siiccewtiun,  satisfying  himself  as  lie  goes  on  that  each  one  is  well  donu 
and  maiies  no  projectiou  on  tlie  Qoor.  The  same  method  of  opening  is  used  on  tlie  ar- 
rival of  an  artiQcial  wave  nn  tbe  rivere  where  this  method  of  navigation  is  in  tat. 
This  maneuver  must  evidently  be  made  at  night  as  well  as  dnring  tbeday,  and,  beaidea. 
the  trestles  must  he  laid  down  in  winter,  as  soon  as  the  tint  ice-cakes  form.  Wheu  Ibe 
opeciug  is  completed  the  attendant  can  tisb  up  at  his  leisure  tbe  needles  wbich  ale 
floating  below  ttie  dam  at  tbe  end  of  the  cable. 

When  the  high-water  season  In  passed,  tbe  attendant  piles  up  tbe  needles  upon  Oit 
walls,  and  prepares  to  rsise  the  tresttos ;  this  raising  is  done  when  tbe  water-sarhre 
has  fiillen  to  a  previously  determined  level;  the  attendant  then  raises  sll  or  part  of 
the  trestles,  places  a  fuw  needles  at  intervals,  and  gradually  increases  Ibeir  uuniberio 
as  to  obtain  and  preserve  the  normal  level  of  the  pool. 

OBJRCTIOKS  TO  NRRUI.K-DAMS. 

A  needle-diro  is  evidently,  ns  has  i>een  already  shown,  a  work  bj  nieune  of  wbici 
the  level  of  a  pool  is  regulated  at  will,  and  vory  aimply,  by  remuviti)^  or  addiuga  cer- 
tain nnmber  of  needles,  provided  always  that  the  plnciug  aud  the  THUioving  or  loo>><i! 
of  these  np«dles  canne  neither  danger  nor  too  suvere  an  exortiou.  It,  therefore,  sfo* 
tons  that  when  the  height  nf  tbe  lift  is  slight,  these  conditions  are  onlv  parti  v  follillnl. 
find  that  they  are  not  fulfilled  at  all  wheu  high  treetlea  are  in  queiitiuu.  'i'hia  istbi^ 
cane  which  we  propose  examiniug. 

When  tlie  trcstlte  are  mure  than  8  fuet  high  the  npnl1esas!<nmesuchdinii>nsious  thil 
their  trams portation  from  the  Htoro-hinise  h>  the  place  where  they  are  used  is  qn't' 
bnrdeusoDie,  (the  Bezona  neudlta  we  13  feet  in  length  aud  3  iocbes  aquaru,)  and  ibei' 
placing  beconu-s  dungerniis  aixl  diOlcnlt,  hm  niiich  oa  acconnt  of  their  lengtli  and  cmw- 
section,  an  in  conseijueiice  of  the  depth  of  the  water,  aud  ita  velocity.  If  a  needio  ioa 
not  strike  tlie  sill  aguinst  which  it  ought  tu  abut,  the  atteudant  miiy  bo  dragged  oim- 
board  by  it.  Their  removal  liy  band  buoiiniea  inipoHnibln  if  the  difference  of  levrl  n 
great,  nnil  it  ia  then  iieceHsury  to  resort  to  a  nysleui  of  looaiiig  the  Hiipporling-bara,  f 
to  pull  the  needles  one  liy  one  liy  uieana  of  a  windlass.  (A  neudle  13  feet  long  and! 
incht-a  i«iuare  weighs  M  lbs.  when  it  is  dry,  aud  'MH  lbs.  when  it  bus  remained  in 

Thronghont  the  work  of  placing  or  removing  nei-dles  or  opening  by  eticapement,  tbe 
attendant  in  obliged  to  be  on  a  narrow  fi>ot-l> ridge,  aud  wliilu  lliere  to  use  eonaidu- 
nble  exerlion  above  a  rapid  cnrrent,  no  matter  what  the  weather,  and  as  often  at  D>)!l-' 
aa  by  d»y ;  his  work  ia  certainly  very  dangerous. 

Careful  watching  is  necensary,  at  leant  at  certain  times  and  for  certain  rivers,  for  thi 
least  negligence  may  cause  tbe  subineiiiion  of  the  dam,  aud  reitult  in  serious  daniage- 

Aa  soon  as  the  work  of  removing  the  needles  <>f  a  dam  is  begun,  the  onrrenl  acts 
toward  the  hays  that  are  wholly  or  partly  upen  ;  its  strength  iDcreosea  with  the  ddk'' 
ber  of  needles  removed,  and  if  the  pass  i»  near  tlie  lock,  boats  may  miss  the  enuiw.'' 
and  be  drawn  ngninnt  th<;  tresllex. 

Tbe  removal  of  the  uuedles,  even  if  only  purtiai,  ends,  at  last,  even  when  the  opee- 
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ings  are  wide,  in  causing  scour  beloir  the  pass.  TbU  eeonr  U  mnch  more  BUcely  pro- 
duced if  the  dam  in  tnrned  iuto  a  gpnr-dike,  m  is  the  ca«e  when  a  number  of  bajs  an 
entirely  opened,  either  by  eacajiement  or  by  sacoeasive  rerooyal. 

AVhen  a  trestle  is  laid  dowu,  the  Httendnnl  determlaes  by  means  of  a  mark  on  its 
connecting-chain  if  it  is  well  on  the  bottom.  Tliis  veriflcation  can  be  done  with  snffl-  - 
cient  Bccaracy  when  the  depth  of  water  is  not  great ;  but  if  the  deptb  exceeds  6^  feet, 
it  ItecDiDeH  very  difficult,  and  is  often  deceptive. 

The  trestles,  even  if  they  are  perfectly  lowered,  remain  entirely  ancovered;  they 
and  their  chains  may  lie  ntrack  by  a  boat  dra^ng  on  the  bottom  or  by  a  log  badly 
ftutened  nnder  a  rail,  and  they  are  still  more  exposed  to  these  injariealf  they  are  badly 
bedded.  Moreover,  it  is  very  difflcatt  to  be  sure  that  the  tieatlea  and  their  chains  do 
not  project  slightly. 

To  sum  np,  needle-dams  are  liable  to  the  following  obJoctioDS : 

1.  DifBcnlty  in  placing  and  removing  needles  when  the  treetlee  are  higher  than  8 
feet. 

2.  Danger  to  the  men  obliged  to  n-ork  on  the  foot-bridge,  which  increases  with  the 
weight  of  needles  and  the  difference  of  level. 

3.  Sconr  at  the  foot  of  the  pass ;  that  is,  at  the  toot  of  a  delicate  and  costly  work, 
and  which  is  to  be  dreaded  in  proportion  to  the  amount  of  fall. 

4.  Currents  near  the  head  of  the  lock,  or  near  the  channels  fbr  navigation,  where 
there  is  bat  one  paw. 

5.  Continoal  watcbfalnem  at  certain  times,  and  danger  of  submersion. 

6.  DiBtcnlty  of  accnrately  bedding  the  trestles  when  they  are  high. 

7.  Unhealth fulness  prodnced  by  the  stoppage  of  floating  liodiea. 

If  A  long,  permanent  weir  is  connected  with  the  dam  the  danger  of  s.ibmersioD  or  of 
scour  diminishes,  bat  the  cost  is  great. 

ROTABLE  SASS  OH  THE  UPPER  SEINE. 

The  first  step  towards  tlie  prestiot  ChaDoine  wickets  was  theTb^nard 
Rj-Btem  of  double  sbattera.  This  worked  very  well  for  small  lifts,  but 
was  uu manageable  wheu  the  lifts  were  iucreased.  Aq  effort  was  made 
to  get  additional  working- power  by  establishing  above  the  shutters  a 
service  trestle-bridge  and  by  using  a  traveling  windlass;  but  thia  did 
not  entirely  remedy  the  difficulty,  as  the  system  of  hinging  was  ancli 
that  enormous  power  was  always  required  to  raise  the  last  shutters. 
This  defect  in  the  position  of  the  hinge  caused  M.  Chanoine  to  try  the 
effect  of  putting  it  near  the  middle,  and  of  supporting  the  axis  by  a 
horae,  that  was  itself  movable  around  its  sill.  As  these  wickets  have 
already  been  fully  described,  it  will  not  be  necessary  to  repeat  the 
description. 

M.  De  Legren^  gums  up  the  advantages  of  the  Chanoine  wickets  as 
follows : 

1.  Possibility  of  increasing  the  heights  of  dams. 

5.  Safety  and  ease  of  maneuvering. 

3.  Automatic  regnlation  of  the  level  of  the  pool. 

4.  Keraoval  of  the  force  of  the  current  from  the  vicinity  of  the  head  of  the  loi^k,  and 
of  the  channel. 

!i.  Sconr  only  ta  be  guarded  agaiDst  below  the  weir. 

6.  Kepairs  eaeily  made  and  seldom  necessary. 

7.  Absence  of  obstacles  to  the  passage  of  floods. 

8.  Facilitiee  afforded  to  the  method  of  navigating  by  means  of  artlBcial  waves. 

The  details  of  the  system  conatructed  on  the  Upper  Seine  and  Yonne 
will  be  given  further  on  in  an  extract  from  the  latest  reports  on  these 
dams. 

MOVADLK  DANS  ON  THB   MABKE. 

Ttae  number  of  locks  and  dams  built  for  the  improvement  of  the  navigatioA  of  tlie 
Mame,  between  Epemay  and  Means,  is  twelve,  bnt  the  description  which  we  are  abont 
to  give  only  applies  to  the  eight  bnilt  in  186.%  1864,  and  1865,  which  are  named  aaftJ- 
lows  :  Mont-Saint-P&re,  Azy,  Charly,  M^ry,  Conrtaroa,  Saint  Jean,  Ites-loS'Heldensea, 
anil  B>ases-Fennes :  this  Ust  being  siluated  a  short  distance  above  Meanx. 

Of  the  four  others,  two  are  needle-dams,  and  the  other  two,  (Damery  and  Conreellea,) 
wblob  have  wickets,  aud  were  built  in  1853  and  18G3,  differ  a  little  from  the  laat  eight. 


Each  dam  on  the  Mame  oveiooraes  b  fall  of  nearlj-  7  faet,  and  consJMta  ot—lilf.  49) 
1.  A  sabiuersible  lock  !t5^  feet  iu  width  and  167  in  length,  betmoeu  mi  Mr-si  lla,  nlicu 
is  placed  on  the  bank  oaed  for  towing;. 
i.  Naviftsble  pan  with  BwiDgiDg  wickets,  [Ckauoine.] 

3.  A  weir  provided  with  dram- wickets,  [DeoToDtaines.] 

4.  A  pier,  an  abntment,  and  other  BoceeBOTf  woiks  with  which  we  have  do  couktu 
at  present. 

Each  Davigable  pass  baa  82  feet  of  opening,  and  is  provided  with  20  wickets. lilt 
those  used  for  the  navigable  posses  of  the  Upper  Seine.  Each  wicket  has  a  widtbnf 
font  feet,  and  a  height  which  varies  aci^ordtng  to  the  dam,  from  6  feet  8  inchtfl  (lles- 
lea-Heldeiises)  to  10  feet  2  inches,  (Mont-Saint-P^re.)  The  sill  of  each  pass,  placed  ti 
GiBt  at  3  feet  below  low-water,  has  beeti  raised  to  31  inches  below  low-water,  bj  pl»- 
Inf^  a,  cover  3  iuches  thick  npon  the  original  sill,  with  the  view  of  better  prateotiog  Ibe 
iricketa  when  they  are  laid  down.  The  apace  between  two  adjacent  wickets  is  £  incbn; 
when  the  wickets  are  up,  their  tops  ace  2  inches  below  the  normal  level  of  the  ik»1  : 
oonsequentlj  they  permit  an  overaow  2  inches  deep  when  the  pool  is  at  this  levFl. 

On  the  up-stream  side  of  the  20  wickets  of  each  pass  are  placed  20  trestlea,  from  ^  fn( 
to  8  feet  10  inches  high,  which  work  is  a  recess  in  the  floor.  These  trestles  have  a  Ihpte 
object,  that  is : 

1.  To  support  a  first  service- bridge,  raised  from  5  feet  6  inches  to  6  feet  4  inches  abon 
low-water,  and  "pon  which  rolls  a  windlass  for  raising  the  wickets. 

3.  To  receive  after  the  closing  of  the  pass  an  increase  of  height  from  S  feet  T  iorbn 
to  3  feet  4  inches,  so  that  the  floor  is  thns  raised  20  iochas  above  the  pool,  and  forms  s 
commnnication  betweou  the  lock  and  the  pier. 

3.  To  serve  in  case  uf  need  as  a  support  for  needles,  and  to  form  a  Poir^e  dam.  Thr 
dividing  the  trestleu  into  two  parts,  one  placed  on  the  other,  is  doubly  advantsj^os: 
in  the  ilrst  place  tbe  trost1e«  are  shorter,  and  in  conse<|ueuce  the  necessary  iulecvil 
between  tbe  last  trestle  and  the  pier  is  less,  as  also  tbe  recess  to  he  made  in  the  laitec 
to  receive  tbe  top  of  the  trestle,  and  Anally  tbe  first  service- bridge  coa  be  nearer  tbe 
water-surface,  so  that  tbe  chaius  of  the  wickets  can  be  pulled  uuder  an  angle  mure 
favorable  for  lifting  them. 

Each  weir  is  162  feet  long,  and  is  composed  of  a  fixed  and  a  movable  part ;  the  Sxti 
part  consists  of  a  mass  of  beton  faced  with  masonry,  poured  between  two  lines  of  piki 
and  sheet-piles,  with  2.'V|  feet  interval  between  tbe  lines.  This  mass  rises  to  3  ket  5 
inches  below  the  level  of  tbe  pool ;  or,  which  is  the  same  thing,  to  an  average  heigbt 
of  3  feet  11  inches  above  low-water.  This  Uted  iiart  is  surmo tinted  by  3J  mavible 
wickets,  4  feet  11  incboe  wide,  with  tbeir  tups,  when  tbey  ate  up,  at  3  feet  3  incbi^ 
above  the  perinunent  portion ;  that  is  to  say,  at  2  inches  below  the  level  of  the  nomul 
pool.  These  wickets,  designed  by  M.  Desfoatainet,  and  which  we  have  designated  is 
droai- wickets,  (ka«i$e»  i  M«6Dur,)are  still  very  little  known;  tbey  therefore  reqnira* 
det'Uled  description,  the  elements  of  which  ai'e  found  in  tbe  explanation  attached  bv 
the  inventor  to  the  model  sent  to  the  London  Exposition  in  1S62.  These  wickets  ve 
shown  in  Figs.  46,  47, 4S,  fiO,  and  51. 

fhe  object  uf  M.  Desfontaines  was  to  ntilize  the  power  caused  by  the  fall  at  eicb 
itam  iu  such  a  manner  that,  in  order  to  rnaaeuvor  by  means  of  it,  the  attendant  woiJ* 
only  bave  to  direct  its  action  in  a  simple  and  an  easy  way.  Tbe  solution  appoonli' 
na  as  complete  as  it  is  ingenious.    Tbe  following  is  quoted  from  the  above-meulioo'*' 

"  Tbe  tnov in E  apparatus  consists  of  a  series  of  gates,  independent  of  each  other,  ■nd 
turning  aronnif  a  horizontal  hluge  placed  in  the  middlu.  The  upper  half  is  tbe  victii' 
properly  so  called.  It  is  this  which  makes  the  pool.  Tbe  lower  half,  which  wc  viH 
call  the  counttT-KirJcet,  has  no  other  function  than  to  carry  along  the  wicket  in  i^i" 
movement  impressed  on  Itself.  It  is  inclosetl  in  n  quarter  of  a  horizontal  mawDi? 
cylinder,  of  the  same  length,  whose  axis  coincides  with  the  hin^e,  and  in  which  it  on 
consequently  make  a  quarter  of  a  revolution.  The  horizontal  limiting  surfaces  of  Ibbt 
quarter  of  a  cyliuder,  or,  if  it  be  preferred,  of  this  drum,  do  not  pass  exactly  throngb 
its  axis.  One  of  them,  the  horizontal  one,  is  slightly  raised  parallel  to  itaelf,  and  Ibe 
other,  tbe  vertical  one,  has  been  sitnilarly  moved  back,  so  that  tbey  leave  empty  spaa^ 
between  them  and  the  conn ter- wicket  when  it  is  in  its  extreme  positions.  The  IsUcr 
has  also  been  slightly  bent  downward,  in  order  to  iliminisb  tbe  raising  of  tbe  horitcnul 
bounding snrface,  and  thuspreveuC  it  from  masking  apart  of  the  wicket.  FiniUv. 
the  ends  of  the  dmm  are  dosed  by  two  sheet-iron  partitions,  in  wbicb  two  reclaneul^ 
iipenings  bave  been  made,  corresponding  to  the  empty  spaces  which  have  jnst  wt" 
mentioned." 

The  successire  drnms,  thns  provided  with  their  wickets  and  conn  ter- wickets,  u^ 
made  in  the  body  of  tbe  weir.  They  rest  npon  tbe  b4ton  contained  iu  the  incloean*. 
and  arc  in  close  contact  with  each  other. 

"  If  we  now  consider  the  whole  l>ody  of  drnms,  we  see  that  by  tbeir  anion  they  fi*" 
below  the  crest  of  tbe  weir  and  along  its  whole  length  a  single  tabe,  reatiog  al  o" 


y,  C.IX>^|C 


87 

of  its  ends  aeainst  tbe  face  of  the  pUr,  and  at  tbe  other  ax^'"^  ^^^  ^^  '^f  'li^  ahnt- 
Dient,  and  divided  br  the  ooanter-niokeU  into  two  lonKUadiual  compartments. 

"  In  tbR  pier  ilseir  Jane  above  and  below  tbe  line  of  the  druma,  two  vertical  wells  are 
made,  which  conunuaicate  by  colverU,  one  with  the  upper  pool  and  the  otb>^r  with  the 
lower  pool,  and  theee  two  wella  atoo  commanicate  with  each  other  h;  means  of  two 
hoTiKontal  cast-iron  pipes  built  into  the  masoniy,  and  closed  at  each  end  bf  valves. 
These  pipe«  fork  in  front  of  the  opeuiuKs  made  in  the  sides  of  the  drams,  and,  pasaine 
throngh  the  pier,  connect  with  these  openings  in  such  a  manner  that  one  conuects  wil£ 
tbe  DP^stream  compartment  and  the  other  with  the  down-stream  one. 

"This  settled,  if  we  sappose  the  four  valves  in  tbe  pier  closed,  all  the  wickets  laid 
down  on  thefioorof  the  weir,  and  oonseqneotl^ali  the  ooanter- wickets  horizontal,  and 
if  we  then  open  the  np-stream  valve  of  the  pipe  corresiKiadiog  to  the  up-stream  coin- 
partmenta  of  the  drams,  the  water  of  the  upper  pool  will  immediately  htl  this  com- 
partment, and  will  then  press  on  the  co on ter- wickets  witb  a  force  corresponding  to  its 
height  above  them,  pnshins  them  before  it  until  their  conree  is  arrest«a  by  honrtera, 
which  are  so  placed  in  tbe  drums  as  to  stop  the  conuter-wicketsat  tbe  tnomeut  when 
the  wickets,  carried  along  in  the  movement,  assume  a  vertical  positiun. 

"  If  now  the  np-stream  valve  of  the  pipe  which  has  been  opened  be  closed,  and  the 
down-stream  valve  which  had  been  closed  be  opened,  tbe  watec  which  had  uuterad 
tbe  dram  wilS  escape  int«  the  lower  pool;  the  counter- wickets,  relieved  from  pressure, 
will  no  longer  be  at>let«  hold  the  wicketa  in  a  vortical  positioo,  and  the  latter,  yielding 
to  the  pressare  against  them,  will  lie  down  on  the  weir. 

"  The  manenveiB  of  raising  and  lowering  the  wicketn  are  thns  reduced  to  the  siiuple 
opeuine  and  closing  of  two  valves  ;  moreover,  as  the  rapidity  with  which  the  wickets 
move  depends  upon  the  speed  with  which  the  compartments  of  the  drums  are  filled 
or  emptied,  it  is  easily  conoeivable  that  we  may,  if  we  so  desire,  so  rerulate  it  that  tbe 
operation  will  be  performed  geutly,  without  vibration  and  withont  shock.  This  con- 
dition is  essential  in  order  to  preserve  the  mechanism. 

"  ^^lien  tbe  wickets  are  np,  there  will  nccesuirily  be  more  or  leM  leakage  around  the 
edges  of  the  eonnter-wickete.  If  this  is  left  to  occnmulate  in  the  lower  compart- 
ments, they  would  soon  be  filled  and  the  preasure  on  the  oounter-wickela  would  be 
nentmlized,  and  the  wickets  would  fall ;  but,  to  avoid  this  inconvenience,  all  that  is  ne- 
cessary is  to  open  the  down-stream  valve  of  tlio  second  pipe  in  the  pier,  which  communi- 
cates with  these  compart  men  te.  and  the  leakage  will  flow  ofT  Into  tbe  lower  pool  as 
East  as  it  occurs.  Strictly,  it  would  sulSce  to  make  this  water  pass  to  the  ends  of  the 
compartments  ;  bnt  by  carrying  it  on  to  the  npper  well,  we  obtain  tbe  power  of  acting 
with  rery  great  force  on  the  wickets,  that  are  slow  to  fall  when  tbe  weir  ia  to  b« 
opened  ;  it  is  only  necessary  to  close  its  down-atream  valve  and  to  open  its  uii-stream 
one  to  OBUse  tbe  water  of  the  upper  pool  to  enter  tbe  lower  compartment,  and,  by  press- 
ing  the  counter- wickets  in  reverse,  to  add  its  pressure  to  that  which  is  directly  on  the 

"  Dams  that  permit  overflow  have  the  immense  odvanta^  of  seldom  requiring  man- 
enverins,  as  generally  they  only  need  be  lowered  in  heavy  tloods,  when  an  overnow  of 
tlie  banks  is  threatened.  However,  tbis  is  not  always  tbe  case,  as  the  lowuess  of  the 
banks,  tbe  neigbborhnod  of  a  manufactory,  or  of  a  low  bridce,  &.c.,  may  cause  even 
small  fluctuations  in  the  level  of  the  pool  to  be  injurious,  and  may  make  it  necessary 
to  open  for  rises  of  from  one  to  two  feet.  But  tben  a  seriona  inconveuience  presents 
itHulf,  for  the  throwing  down  of  the  wickets  along  the  whole  length  of  a  weir  will 
nnniosh  an  openini;  greater  than  is  necessary  fur  the  passage  of  a  rise,  and  the  upper 
jiitoX  will  fall  in  a  few  minotes  below  its  normal  level.  To  meet  ihese  special  cases, 
the  movable  apparatus  has  received  a  sligbtmodification,  of  which  we  will  now  speak." 
Each  vicket  has  a  prop  hinged  to  it  iu  rear,  whose  foot  moves  in  a 
cast-iron  slide  fastened  to  the  floor  of  the  weir.  This  slide  has  no 
heurter,  and  is  merely  used  as  a  guide.  A  horizontal  iron  bar  in  a  suit- 
able channel  extends  parallel  to  the  wicketa  for  the  full  length  of  the 
weir.  This  bar  has  a  raised  side,  iu  which  suitably-arranged  notches 
are  cat.  If  we'desire  to  lower  all  the  wickets,  the  bar  is  moved  so  that 
a  notch  comes  opposite  the  foot  of  each  prop,  and  there  is  then  nothing 
to  prevent  the  wickets  from  falling.  If  we  think  it  desirable  to  partly 
lower  some  of  tbe  wickets,  tbe  bar  is  moved  so  tliat  tbe  raised  side 
closes  the  slide  of  these  wicketa  only.  When  the  feet  of  tlie  props 
reach  this  movable  henrter,  the  movement  of  the  wickets  is  stopped. 
As  the  bar  is  only  worked  when  the  wickets  are  up,  there  is  no  pressure 
against  it,  and  no  difficalty  in  setting  it  as  may  be  desired.  It  is  placed 
at  snch  a  distance  from  the  wickets  that  when  they  are  stopped  by  it 
they  stand  at  balf  height.  iCK^t^Fc 


Besides  pipes  in  tbe  pier,  a  siiuiiar  arraDgeiuent  is  made  io  the  abut- 
ment, for  which  the  folfowiug  reasous  are  assigned : 

"  In  the  first  place,  \ 
upper  compBrtmeDta  oi 
wicketa  ia  more  speedy  nnil  ci 

"  Censequentty  the  power  ie  obtained  of  canaiag  strong  carrents  iu  the  drains,  nbicb 
sweep  out  the  sands  that  art  deposited  there.  Iu  fact,  experience  teaches  that  by  ibe 
simple  moTcment  of  the  valves  it  ia  practicable  to  drop  a  greater  or  less  nambet  of 
Wicbets,  and  we  can  drop  almost  any  desired  number.    In  fact,  it  can  easily  be  Dodct- 


etood  that  if,  while  the  wickets  are  np,  tbe  down-stream  valve  of  the  raiaiDg-pine(l]ie 
one  correspondLiig  to  the  upper  compartments  of  the  drums)  be  opened  and  the  Dp- 
stream  valve  be  closed  while  the  opposite  arrangement  is  made  in  the  abutment,  * 
current  will  be  started  in  this  compartment  whose  pressure,  quite  strong  neacUii- 
abutment,  will  decrease  toward  the  pier,  and  near  the  latter  will  be  Insufflcientto 
hold  the  wickets  vertical.  Two  or  three  wickets  will  then  fall.  If,  in  this  slate  oF 
things,  the  down-stream  valve  of  the  lowering- pipe  (the  one  corresponding  to  tbekirer 
compartment  of  tbe  dmms]  be  closed,  and  the  np-stream  valve  be  opened,  a  cnmut 
will  be  eslablisbed  in  this  compartment  whose  conn ter- pressure,  strong  near  the  piet. 
will  decrease  near  the  abutment,  and  some  more  wickets  will  full.     Between  thtfr 

Sressures  and  connter-pressnresi  or,  if  it  is  preferred,  between  these  two  oppuelit 
irceH,  wbicb  act  at  once  upon  all  the  wickets  with  variable  intensities  and  in  uppo- 
ut«  directions,  oue  of  which  predominates  at  one  end  of  tbe  weir,  and  the  other  at  tbf 
otber,  there  will  necessarily  be  found  along  tbe  weir  a  passing  point  where  these  tvo 
forces  will  be  iu  equilibrium.  On  one  Bide  of  this  point  all  the  wicketa  will  fall ;  on 
the  other  aide  they  will  stay  up ;  but  as  the  intensity  of  each  one  of  these  two  farm 
depeoda  upon  the  greater  or  lees  opening  of  the  pipes,  it  is  possible,  by  snitably  wMt- 
ing  the  latter,  to  bring  nearorto  move  away  the  passing  pom t,  nud,  consequently,  >ft«i 
a  lew  trials,  t«  drop  any  desired  number  of  wickets." 

The  method  of  workiDg  tbe  valves  is  simplified  by  placing  the  tvo 
pipes  vertically  over  each  other,  and  having  but  one  valve  for  tbe  opper 
end  of  each,  and  one  for  the  lower  end.  in  practice  it  is  fonnd  that 
Trhen  one  end  of  a  pipe  is  open  the  same  end  of  the  other  pipe  is  clo^' 
Each  valve  is  therefore  arranged  so  as  to  close  one  pipe  as  it  opens  tbe 
other.  Moreover,  as  the  two  ends  of  the  same  pipe  are  never  both  op«u 
or  both  shut  at  the  same  time,  it  is  advantageous  to  connect  tbe  two 
valves  by  a  balance-beam  so  that  they  may  always  work  together.  This 
arrangement  is  shown  in  Figs.  16,  47,  48,  and  5U. 

The  whole  combination  could  be  made  automatic  by  conaectiDg  die 
rod  of  the  upper  valve  with  a  float,  but  this  has  not  yet  been  done,  as 
the  desirability  of  making  dams  automatic  is  yet  doubtful. 

The  following  is  the  method  of  working  snch  a  dam  as  has  just  bwn 
deBcribed: 

If  the  dam  be  snpposed  closed,  and  the  discharge  near  that  of  low  water,  it  nill  \* 
necessary  to  close  tbe  spaces  between  the  wickets  by  needles  in  order  to  keep  over  IIk 
whole  dam  an  overdow  two  inches  deep,  which  secures  tbe  normal  level  of  the  fo'^- 
If  a  storm  occurs,  or  a  slight  increase  uf  discharge,  these  Joint  covers  are  remov^;  if 
the  volame  discharged  continues  to  increase,  and  tlie  overflow  dcepoua,  it  can  genenllv 
be  permitted  to  do  so  without  inconvenience,  aud  without  the  need  of  maneuveriD)!. 
until  the  depth  is  from  12  to  30  inches,  the  wickets  of  the  pass  being  so  centered  as  not 
to  awing  spoutaneonsly  under  this  depth  of  water.  When  the  overflow  attains  a  deplb 
that  ought  not  to  be  exceeded  on  account  of  the  luwness  of  the  banks,  or  the  existenre 
of  bridges  and  mills  above,  the  weir-wickets  are  partly  lowered  by  making  use  of  thr 
notohed  bar;  that  is,  the  tops  of  the  wiokets  are  lowered  about  20  inches,  citbK 
throngboQt  the  whole  length  of  the  weir,  or  only  foe  a  certain  distance,  care  heiif 
taken  at  the  same  time  to  properly  proportion  the  opening  of  tbe  valves;  if  lii>> 
lowering  of  30  inches  does  not  suffice  to  puss  the  rise,  it  is  flrst  necessary  to  raise  al' 
tbe  wickets,  then  to  move  the  notched  bar  so  ns  to  lea>'e  tbe  slides  clear,  and  liually  "^ 
open  the  weir  for  its  full  length.  When  tbe  rise  is  past  and  the  pool  falls  beloir  i» 
nonnal  level,  the  weir-wickets  are  half  raised  by  the  aid  uf  the  notched  bar ;  then,  >* 
the  discharge  diminishes,  some  of  the  half-raised  wicketa  are  wholly  raised,  un'i'^ 
finally  the  whole  weir  ia  again  closed. 

When  the  high-water  season  airlvea,  all  the  weir-wickets  are  dropped,  and  ttif 
trestles  of  the  navigable  pass  are  laid  down  i  the  pass  Is  then  opened  by  dropping  ili« 
wickets  by  means  of  the  tripping-iod. 
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When  tlie  season  retnrnB,  when  the  rivet  no  longer  afforils  a  natural  <!«ptb  of  5J  feet, 
arrongenicnti  are  made  to  raise  tlie  dam.  To  do  this  tlie  twatlps  of  tlie  pass  are  first 
set  up,  and  tlie  low  bridge,  which  carries  the  raiuina  windlass,  is  constrncted.  Kacb 
trestle  issopplind  with  a  chain  which  is  fastened  to  the  hreech  of  the  op[Kisite  wicket; 
this  chain  is  piilieil  by  the  windlass  and  the  wicket  is  raised;  when  it  cunaea  to  ascend, 
that  isinheu  (be  prop  is  in  its  place  oKoinst  its  heartec.tbe  nicket  i"  left  on  the  swing, 
and  the  others  are  raised  in  the  same  maniiBr.  When  all  the  wicket-s  of  the  pass  are 
thos  oa  the  swing,  they  are  righted  in  successioQ  by  bearing  down  on  tbe  breech,  or 
'"         n  the  chase  with  a  boat-hook.    When  tbe  discharge  of  tbe  river  is  smalL, 


and  there  is,  therefore,  no  fear  of  making  too  great  a  fall  while  the  pass  Is  being  closed, 
which  might  make  it  difilcult  to  raise  tbe  last  wioketn,  it  is  UDDecessarf  to  first 
swing  the  wickets,  and  each  one  is  lighted  oa  soou  as  its  prop  is  iu  place  aDove  its 
henrter. 

^experience  has  shown  that  the  last  wickets  can  easily  bo  taiaed  ureii  when  there  is 
a  fall  of  IH  feet  water. 

When  tbe  navigable  pass  is  closed,  tbe  extension  benls  are  placed  on  top  of  tbe 
trestles,  and  on  tbem  is  constrncted  the  service-hridKe,whi>:h,  as  baa  already  been  stated, 
is  20  inches  above  the  normal  pool;  lastly,  tbe  valves  of  tbe  weir-pi  pea  are  worked  in 
such  a  way  as  to  raise  the  wickets. 

It  can  be  seen  from  the  above  that  with  tbe  drum- wickets  it  is  neces- 
.sary  to  have  tbe  crest  of  the  permanent  weir  about  hall-way  between 
iow-water  mark  and  the  sarface  of  the  pool,  in  order  to  provide  space  for 
the  counter- wickets  without  going  below  low-water,  as  this  would  be 
costly,  and  make  their  maintenance  more  difficult.  It  is  also  essential 
that  the  permanent  part  of  the  weir  should  produce  a  head  of  water  in 
order  to  obtain  the  power  needed  to  raise  the  wickets. 

Tbe  lifts  of  the  eight  dams  on  the  Marue  vary  from  6  feet  7  inches  to  S 
feet  2  inches  above  low  water,  and  their  average  lift  is  7  feet  3  inches. 

Raising  the  pass-wickets  by  means  of  a  boat  is  not  practicable  on  the 
Mame,  as  the  greater  height  of  the  weir  makes  it  necessary  to  first  raise 
all  of  the  pass-wickets  ou  tbe  swing,  which  method  deprives  the  boat  of 
any  points  of  support,  and  makes  the  use  of  a  service- bridge  imperative. 
This  bridge  is  also  useful  to  secure  communication  with  the  pier,  in 
which  are  the  pipes  for  raising  the  wickets  of  the  weir,  and  it  also  serves 
for  the  constmcGion  of  a  needle-dam  in  case  of  necessity. 

Oomparing  the  system  adopted  on  the  Marae  with  that  used  on  the 
Upper  Seine,  H.  De  LagrenS  comes  to  the  following  conclusion : 

1.  The  Marne  system  is  well  adapted  to  hi^h  dams,  but  not  so  much 
so  as  tbe  Seine  system,  (Ohanoiue  wickets,)  as  it  requires  a  greater 
height  of  weir. 

2.  On  the  Marne  there  is  danger  to  the  attendant  in  having  to  cross  to 
tbe  pier  on  the  narrow  service-bridge  (aj  feet  wide)  at  all  hours  and  in 
all  weathers,  and  it  increases  with  the  length  of  the  bridge.  A  hand- 
rail or  rope  can,  however,  be  used  to  diminish  this  danger. 

3.  Tbe  Mame  system  does  not  regulate  automatically  the  level  of  the 
pool,  bnt  it  is  thought  that  the  level  will  be  sufficiently  regulated  by  the 
overaow,  if  the  wickets  be  hinged  at  a  suitable  height. 

4.  It  has  the  same  advantage  as  the  Seine  system  in  having  the  weir 
placed  on  the  side  farthest  from  the  lock. 

6.  The  Marne  weirs  have  tbe  great  advantage  of  permitting  the  use 
of  tbe  notched  bar  for  lowering  tbe  whole  movable  part  of  the  weir  to 
half  height,  by  which  arrangement  we  can  avoid  the  concentrated  cur- 
rents that,  on  the  Seine,  rush  through  the  openings  left  by  such  wickets 
as  bavt^  swung  of  their  own  accord.  These  concentrated  currents  cause 
dangerous  scours  below  the  weir. 

<>.  The  Marne  weirs  can  readily  be  repaired,  as  all  tbe  movable  parts 
are  above  low  water. 

7.  The  Seine  system  oEFers  less  obstacle  to  tbe  passage  of  floods. 

8.  It  is  also  better  adapted  to  navigation  by  temporary  arljflcial  floods. 
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9.  Nearly  twice  oa  mucb  maBonry  is  used  in  the  Marue  weirs  as  in 
those  built  on  the  Seine,  although  it  is  thought  that  much  of  this  excess 
might  be  avoided. 

COMPAEISON  OP  POIEfiE,  CHANOINE,  AND  DESFONTAINES  SySTEMS. 

In  Vol.  XV,  1868,  Annales  des  ponta  et  chauatSes,  M.  Saint-Yves,  engi- 
neer dea  ponts  et  cliauas^,  discusses  the  subject  of  movable  dams,  and 
replies  to  the  article  just  quoted  of  M.  De  Lagren6. 

The  following  is  the  substance  of  his  remarks : 

In  reference  to  Foir^e  needle-dams,  he  states  that,  at  the  Marlot  Uani, 
the  trestles  hare  a  height  of  11  feet.  The  first  needle-dams  were  accom- 
panied by  permanent  weirs,  raised  to  the  level  of  the  npper  pool,  and 
the  trestles  were  made  higher  than  this  level,  so  that  the  surface  of  tbe 
pool  was  regulated  by  the  weir  only.  As  the  lift  of  dams  was  increased 
it  became  impossible  to  nse  snch  high  weirs,  and  at  some  dams  tlie,v 
were  altogether  omitted,  the  regulation  of  the  pool  being  accompli«b*d 
by  suitably  spacing  the  needles. 

M.  Saint- Yves  denies  that  there  is  any  escessive  labor  required  of  the 
dam-tenders,  for  they  are  not  picked  men,  and  they  find  no  difficulty  in 
carrying  along  the  bridge  two  needles  at  a  time,  each  weighing  from  M 
to  33  poands.  He  also  states  that  the  placing  of  the  needles  i«  v-'*"^ 
difficult  nor  dangerous ;  that  a  needle  seldom  misses  the  sill,  which  pi«- 
seuts  a  shoulder  of  6  inches ;  and  that,  when  it  does  miss,  the  attendnnt 
has  only  to  lower  his  hand  to  prevent  being  carried  overboard.  Tt» 
needles  are  always  removed  by  baud,  even  when  the  lift  reaches  10  feet 
The  workrequires  skill,  bat  it  can  easily  be  acquired  in  about  two  weeks- 
The  width  of  the  foot  bridge  has  been  increased  to  3  feet,  and  each  plant 
is  now  kept  in  place  by  three  claws,  which  hold  them  perfectly  steady. 
Hanenvers  execute<l  from  a  bridge  are  much  less  dangerous  than  those 
trom  a  boat.  Moreover,  escept  in  rare  cases,  night-work  on  the  Lower 
Seine  is  not  required.  The  exceptions  are  limited  to  the  cases  of  a  dis- 
charge of  the  pool  above,  and  to  the  effect  of  the  tides.  Inconvenience 
on  the  first  account  is  prevented  by  the  service  regulations,  as  no  m 
portant maneuver  is  permitted  without  notice  to  the  dam-tenders  above 
and  below.  The  tides  only  give  trouble  at  Martoc,  and  this  has  been 
obviated  by  the  addition  of  a  weir,  provided  with  automatic  Channue 
wickets. 

The  partial  opening  of  a  needle-dam  has  never  prevented  a  boat  IVom 
entering  a  lock.  The  dams  are  generally  placed  at  the  lower  end  of  tbe 
lock,  and  only  occasionally  at  the  middle.  As  the  opeuings  in  a  needle- 
dam  extend  to  the  bottom,  and  are  evenly  distributed  either  in  one  baj 
or  in  a  number,  and  as  there  is  never  a  flow  over  the  top  of  such  a  daiu, 
there  ia  evidently  less  danger  of  scour  below  this  dam  than  below  Bny 
other.  Moreover,  scour  is  chiefly  to  be  dreaded  in  times  of  high-water, 
when  all  dams  are  out  of  the  way. 

The  highest  trestles  can  easily  be  raised  by  two  men  \t'ith  a  boat-hook, 
and  the  nse  of  chains  has  been  abandoned,  thus  removiug  the  onl; 
thing  that  prevented  the  trestles  from  lying  flat  in  the  recess ;  more- 
over the  sill  now  projects  14  inches  above  the  trestle  recess,  as  do  ali*o 
the  pavement  below  the  recess  and  the  piling,  so  that  boats  Mid  rafls 
that  clear  them  must  clear  the  trestles.  As  to  the  charge  of  iiVhealtb- 
fuluess  due  to  stopping  floating  bodies,  M.  Saint-Yves  very  properly 
says  that  the  charge  might  equally  be  made  against  any  dam  whate^'er: 
but  that  the  needle-dam  is  the  least  objectionable  on  this  score  of  aay, 
as  the  removal  of  a  few  needles  will  readily  pass  anything  through  it. 
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He  mukes  the  following commeDte on  dams  formed  by  Chauoine  wick- 
ets: • 

In  raising  Chanoine  wickets  the  attendants  vork  from  a  l>oat,  and 
tberefore  are  much  more  exposed  to  danger  tlian  if  tliey  were  on  a  bridge 
with  a  floor  3  feet  wide.  The  joint-covers  that  must  be  used  daring 
low-water  cover  spaces  of  4  inches,  and  they  Uierefore  must  have  a 
cross-sectioD  at  least  6  inches  square.  They  therefore  can  hardly  be 
called  needles,  and  as  the  pressure  on  them  for  a  length  of  11)  feet  is 
2,020  ponnds,  they  evidently  can  only  be  removed  by  means  of  the  boat; 
this  oi>eration  is  probably  safe  enough  at  the  pass,  as  the  pass-wickets 
are  stable,  but  it  is  very  unsafe  at  the  weir,  as  any  pressure  against  the 
chasea  of  the  weir-wickets  will  swing  them.  The  joiut-covers  of  the 
weir  will  therefore  have  to  be  abandoned,  and  left  to  be  carried  off  by 
each  rise.  Moreover,  the  efieotof  the  joinc-covers  will  be  to  make  all  of  the 
weir-wickets  swing  at  the  same  time ;  and,  as  this  will  frequently  occur, 
the  result  will  be  that,  in  practice,  the  covers  will  not  be  replaced,  and 
the  dam  will  uot  be  sufBciently  tight,  fit  will  be  observed  that,  iu  the 
system  as  now  employed  on  the  Upper  Seine,  the  weir-wickets  are  man- 
euvered from  a  service- bridge,  and  therefore  the  above  objectious  no 
longer  applj.] 

M.  Saint-Yres  denies  that  floating  bodies  will  all  be  drawn  away  j'rom 
the  pass  to  the  weir,  because  their  crests  are  at  the  same  height  dur- 
ing the  greater  part  of  the  time,  and  there  will  consequently  be  the  same 
flow  over  each,  and  therefore  bodies  will  strike  one  as  often  as  the 
other.  There  is  also  some  danger  that  boats  or  rafts  going  through  the 
pass,  and  drawing  all  the  water,  may  catch  on  some  of  the  Chanoine 
wickets,  and  tear  them  out,  for  they  are  on  the  same  level  as  the  sill, 
and  are  not  protected  like  Foir^e  trestles.  The  Chanoine  wickets  have 
a  multiplicity  of  parts,  and  repairs  to  them  mnst  be  made  by  means  of 
a  skiff,  or  by  employing  a  diver,  while  Poir^e  trestles  are  often  replaced 
from  the  foot-bridge  without  any  difficulty,  and  without  using  a  ekifT,  or 
needing  a  diver. 

The  greatest  advantage  of  the  Chanoine  system  is  the  facilt  y  which 
it  affords  of  opening  gaps,  so  that  boats  may  pass  without  going  through 
the  locks. 

lie  thinks  that,  ns  the  Desfont^ines  wickets  require  to  be  sunk  about 
one  and  a  half  times  as  deep  as  the  lift  which  tbey  create,  ihey  can 
hardly  be  considered  a  system  of  movable  dams ;  but,  on  the  other  hand, 
the  results  thus  far  obtained  show  that  they  are  the  best,  the  easiest 
worked,  and  the  most  reliable  of  all  wickets  designed  for  use  on  weirs. 
They  have  not  yet  been  made  automatic,  although  M.  Uesfontaines 
thinks  that  they  could  readily  be  made  so  by  using  floats.  Where  self- 
regnlatioQ  is  not  a  necessity,  they  appear  preferable  to  any  other  com- 
bination. He  does  uot  consider  the  PoinSe  needle-dant  perfect,  but  that 
it  has  been  very  successful  wherever  thus  far  used,  although  of  late  an 
increase  of  lift  has  been  called  for,  and  new  exigencies  have  arisen. 

The  history  of  the  construction  of  movable  dams  is  as  follows : 
The  flnt  type  of  movable  dam  ia  found  in  the  old  river-gat«H,  the  elementa  of  wbjcb 
cnnaisted  of  two  pieces  plnce<l  traDsversoly  to  the  current,  one  at  tlie  bottom  and  ODe 
St  the  top  J  tbe  first  (the  sill)  atationnry,  tbe  Hecond  (tbe  boom)  movable.  AgaiuM 
these  t^o  borizoatal  cbi<;f  members  rested  vertical  rafters,  like  needles,  whose  feet 
were  supported  b;  tbe  oil),  and  their  tops  by  the  boom.  Lastly,  boards  placed  bori- 
rontally  completed  tbe  closing,  and  made  it  nearly  water- tijjht.  This  is  the  river-gate, 
He  it  sttU  exists  upon-a  great  number  of  streams,  and  we  have  seen  many  specimens  oi 
it,  eapecUlly  on  the  Euro. 

This  primitive  construction  onl^  partly  satislied  tbe  needs  for  which  it  was  estab- 
liwbed,  and  lieaides  it  is  only  prscticahle  on  very  narrow  streams.  The  opening  of  these  ~ 
gates  r«qnlree  long  and  painfol  labor.    Tbuy  are  not   admissible  upon  rivers  of  tav~ 
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nttltli.  «here  the  risee  are  at  all  rapiil,  sad  M.  Puir^  hail  to  discuss  on  entirely  aovel 
<lue8lioii  when  lie  wiu  Bunking  after  his  BjKt«m  of  damH. 

Kvery  niovalila  dmu  oaght  to  form  a  connected  body  of  BQpports,deaif^ed  to  init^D 
a  curtain,  wLieh  at  wili  can  be  made  as  tight  aa  pomible,  ana  trhich  is  placed  at  rigbt 
nnKlea  to  Ibo  current.  iio»',  then,  ought  Ihu  iiieiubers  to  be  arranged  whicb  hold  ap 
this  cnrtiiiti  ! 

The  Bntt  necessity  was  to  Ruppress  the  npper  support  of  the  river-jptte,  so  as  to  ibnl 
off  by  a  sinitle  gate  the  whole  width  of  the  water-cuuree,  and  to  estabUi^  axM  of  roti- 
tioii  fasteneil  to  the  hottoio  of  the  river. 

The  most  natural  and  logical  idea  was  evidently 
rection  of  the  curreut,  and  to  give  the  same  directi 
these  circu Distances  the  lowering  and  raisiug  of  the  members  could  be  only  modeislely 
hindered  by  the  action  of  the  current, 

With  the  oppuisjte  arrangemeut,  that  is,  wlieu  the  a^w  of  rotation  are  establislieil  at 
right  anglcH  to  Ih<i  curreut,  if  the  loweriug  U  helped,  aud  poHHthly  even  precipint<4 
by  the  prtwufe  uf  the  water,  tlie  taisiug  beconiea  that  much  more  difficult,  anddr- 
mands  niaDeiivun  which  can  only  be  accompliibed  by  the  aid  uf  special  machiDety. 
Thus  we  see  tbnt  the  inveutinn  of  M.Chanome  is  but  an  es^t^oaion,  a  perfecting,  of  Itie 
inveution  of  M.  Tht!iiard,  which  latter  nas  only  deHlgued  tu  be  placed  on  top  of  weio 
that  is,  to  act  uniluruircu Distances  where  the  presaiireof  the  water  is  feeble  and  some- 
times  null. 

Under  this  view  the  InTentioo  of  M.  Foir^  shoald  be  conaidered  as  the  most  lognl 

The  movable  trestles  of  M.  Puirde,  whose  part,  aa  we  have  said,  is  to  act  as  frinics 
for  eupportiag  a  curtain,  which  in  realit.r  forois  the  dam,  are  Dot  only  very  togicall.i 
and  very  ratioonlly  conceived,  but,  in  addition,  they  have  the  immense  advautaie  o' 
being  a  natarnl  stip[Hirt  for  the  bridge,  which  latter  may  be  called  the  wockiae- 
grouod  foT  the  dnms.  la  every  syatem  whosA  axes  of  rotation  are  at  rif^bt  angles  lo 
the  current,  even  in  the  ingeniaus  Bj-steoi  of  M.DesfoDtainas,  the  possibility  of  msiiiDg 
a  fuot-bridgo  out  of  the  iiecessary  members  of  tho  HVMtem  Is  entirely  lucking;  il  it 
necessary  to  employ  for  this  purpose  an  independent  oonstructiou. 

We  flually  come  lo  the  part  of  the  dam  which  uicst  resist  the  force  which  is  to  be 
overcome,  tlie  maneuveriiii;  of  which  brings  about  a  direct  oonflict  with  the  force  of 
the  water.  To  bbtaia  an  easy  and  practical  sointion  of  this  question,  M.  Foin^ 
reduced  his  tools  to  the  Bmallett  possible  dimensiouB,  and  from  this  consideration  csmf 
the  invention  of  neeilles.  The  pressure  in  maneuvering  is  in  direct  ratio  lo  ibr 
surface  of  each  one  of  the  eleraente.  It  is,  then,  only  in  aoconlance  with  the  cu- 
light«ned  judgment  and  perspicacity  which  characterize  M.  Puir^'s  system  that  lli« 
dimensions  of  the  nuedlt-s,  the  elements  of  the  great  cnrtain  of  the  dam,  vers 
reduced  as  much  as  possible. 

The  other  systems  have  been  conceived  on  the  idea  of  substituting  for  Che  needks 
elenicuta  iudivi<lnally  very  small,  and  consequently  very  numerons,  a  coaipleM 
apparatUH  of  shntCers,  which  are  much  more  complex,  but  are  also  fewer  in  DumlKt. 
The  employment  of  axes  of  rotation  at  right  angles  to  the  corrent  is  a  neceeeu; 
consequence,  that  could  not  have  been  avoided. 

The  raising  of  the  shutters,  which  takes  place  against  the  current,  presented  avrrf 
serious  difficulty.  It  has  been  very  skillfuny  overcome  in  the  plan  of  M.  Chanoine  Iit 
the  use  of  two  parallel  axes  of  rotation  placed  at  different  heights.  This  arraogBBieoi 
permits  the  wicket  to  be  kept  practically  parallel  to  the  direction  of  the  threads  of 
-water  while  the  support  is  being  raised.  Theoretically  the  wator-preasnre  is  cmlj 
exerted  u[)on  the  edge  of  the  wicket  and  opou  the  tnembers  of  the  support.  P»eli- 
cally  this  is  not  exactly  the  cose,  and  the  exertion  to  be  made  exceeds  the  quantity  of 
work  that  could  be  renuireil  of  two  or  three  men  uusupplied  with  mechanism.  SpMi*' 
apparatus  mnst  therefore  be  used. 

H.  Desfuutainea's  solutiou,  which  likewise  employs  a  system  of  axes  turning  atcigbt 
angles  to  the  current,  is  certainly  very  ingeoious  aod  very  satisfactory.  The  mellied 
of  raielng  M.  Desfootaines'  wickets  is  simple,  and  but  one  taotlun  is  necessary,  vbile 
to  liA  the  Chanoiae  wickets  two  operations  mast  be  performed  and  two  motions  art 
required.  The  Desfootainea  wicket  rises  directly  agaiiist  the  curreut,  witliont  the  lid 
of  any  detached  or  outside  machinery.  The  force  uftliiicd  is  not  that  of  man,  in- 
creased by  mechsDical  intermediaries.  It  is  the  very  force  to  be  overcome  that  awi)" 
the  engineer,  and,  blindly  obeying  the  intelligent  direction  which  is  impressed  on  il- 
contends  against  itself,  and,  from  the  enemy  which  it  seems  to  be,  becouies  a  dncilr 
instrnment. 

This  remarkable  result  is  obtained  by  the  simplest  means.  Undoubtedly  the  inn 
Arslnea  of  M.  Fuir^e,  with  their  curtain  of  needles,  offer  the  greatest  simplicity  in  "X- 
stmctiou.  Bat  the  system  of  M.  Dcafontaincs,  several  examples  of  which  may  bt 
found  on  theMurne.  Isreilocedtoa  movement  of  valves,  connected  together  byabalaiM- 
beam,  which  work  under  a  simple  and  easy  impulse,  aud  to  wickets  in  one  piece,  whicti 
tDm  around  a  horizontal  axle,  without  the  complication  of  counterpoise,  retainioit- 
chains,  props,  or  tripping- rods.    In  view  of  its  unity  and  of  the  simplioity  of  its  cod- 


eeption  and  its  working,  it  is  one  of  the  inoHt  remarkable  inTentiotis  thM  «v«r  otig}- 
DHied  iroin  the  laboTions  inveatigattoas  of  euKiaeera. 

But,  in  oonnderation  of  tbe  DftceBsity  of  a  carefDlly-coaetrneted  tuctoEnre,  tbiH  Sfs- 
tem,  for  tbe  present  at  least,  onght  to  l>e  re«trict«d  to  nee  on  weira. 

Besides  the  coiisideratioiis  jast  meatiooed,  it  ia  of  the  greatest  im- 
portance that  a  dam  should  be  aiisceptible  of  being  made  water-tight', 
should  necessity  demand  it.  In  this  respect  be  thinks  that  there  is  a 
great  deal  yet  to  be  done.  The  difficalty  arises  from  the  fact  that  the 
fall  at  a  dam  reaches  its  maximum  when  the  river  has  its  minimum  dis- 
charge, aad  that  at  this  time  the  water  passes  through  the  luterval» 
irith  the  greatest  velocity,  and  more  may  thus  be  wasted  than  cau  be 
supplied  from  above,  thus  causing  a  decline  in  the  level  of  tbe  pool. 
At  the  same  time,  owing  to  the  absence  of  back-water,  the  pressure  on 
the  needles  is  greatest,  and  tbey  are  often  broken  during  the  maneuvers 
■ecessitated  by  rises. 

The  following  are  M.  SaintYves'  eonclnsions  as  to  the  system  that 
should  be  used  in  vaiious  cases: 

If  tbe  river  in  qneation  can  only  be  DHvieat«d  by  artificial  waves,  in  wliicb  case  it  is- 
necessary  to  pour  out  in  a  short  time  tbe  whole  retained  body  of  water  in  order  ito- 
send  forward  a  iai^e  volume,  oanable  «f  iqcreasiug  tlio  navigable  deptb  temporarily, 
but  very  appreciably,  we  tbink  tbat  it  would  be  better  to  use  Chaooine  wicketa,  wbicll 
weDi  prefurable  to  the  needle-dama  with  escapementB,  which  are  oaed  on  tbe  Yonae. 
Tbe  advantage  to  navigation  app«ani  to  db  to  ezcenl  tbe  inconvenience  wbieb  we 
have  poiuted  ont,  and  which  reault  from  a  relative  imperfection,  wbicb  subsequent 
stndiea  may  cause  to  disappear. 

If  the  river  in  qoestion  has  a  regular  regimen,  with  a  discharge  unfflctent  to  assure,, 
by  means  of  pools  anitably  apaced,  the  drought  . necessary  for  a  good  navigation,  we 
wonld  not  hesitate  to  oboose  Poir^  dams,  on  Eutconnt  of  their  safety  and  fiKllity  of 
h&Ddling,  and  the  means  of  communication  which  tbey  give  from  one  bank  to  tbe  other 
Ibr  tbe  an  perin  ten  dents  and  for  those  who  have  tbe  care  and  working  of  the  dams. 

lu  regard  to  wiers,  adistinction  muat:  be  made.  Either Helf-regulation  is  indispenaa- 
ble,  or  It  ia  only  an  advantage.  If  it  ia  indispenanble,  we  think  that  it  is  only  eo  in 
order  to  aecnre  an  additional  and  supplementary  opening  to  tbe  waters  which  threaten 
to  submerge  the  works,  and  not  at  all  in  order  that  this  openinc  may  be  closed 
instantaneously.  Ou  this  aupposicion  the  wickets  of  M.  Cbauoiae  are  the  best 
adapted ;  bnt  we  think  it  important  to  make  a  reservation,  that  ia,  that  the  swinging 
should  not  be  limited  to  a  alight  lowering  below  the  level  of  tbe  pool,  wbich  makes  it 
necessary  to  have  an  expensive  and  aomeiimes  impracticable  lengtheniag  of  the  weit,. 
bat  that  tbe  swing  abuuld  be  increased  as  much  as  possible  by  entirely  taking  away 
the  power  of  apoutaneoua  risiu^j.  In  a  word,  the  wickets  of  tbe  wier  should  be  con- 
sidered as  semi-automatic.  A  Inot-biidge  established  at>ove  the  wickets  will  permit 
the  ilara-tender  to  raise  them  tuecbanically.  We  tbink  that  in  this  way  alone  is  it 
possible  to  give  a  BtifScieut  dischargu  over  a  limited  length  of  weir. 

If  self-regulation  is  not  uecessary,  H.  Deafuntnioes'  system  appears  to  us  proferable 
for  crowning  weirs.  In  fact,  the  simplicity  of  the  wickets,  the  ease  with  wbicb  they 
are  worked,  and  tbo  exact  control  of  tbeir  fnll,  are  precious  qualities,  by  wbicb  resulbl 
Iki  powerful  as  they  are  sure  can  be  obtained  when  ihe  weir  is  not  too  long. 

In  conclnsion,  we  think  that  tbe  comparison  betweeu  diflereut  kinds  of  damnsbonid 
be  limited  to  the  PoinSe  and  the  Cbanoiiie,  and  that  the  Desfontaines  wickets,  thus 
far  only  applicable  to  weirs,  should  be  considered  as  anxiliafieB,  bnt  not  as  a  ayscem. 

BEFLY  OF  U.  DE  LEOEEN:^. 
In  tome  XVI,  1868,  Annales  dea  Fonts  et  Chauss^es,  M.  de  Lagreu4 
replies  to  M.  Saint-Yves,  and  the  following  is  a  brief  summary  of  his 
remarks. 

He  begins  by  quocing,  in  reply  to  the  latter's  assertion  that  needle- 
dams  are  not  dangerous,  a  8tat«ment  of  M.  Cambuzat,  who  says : 

With  needle-dams  there  is  really  considerable  danger  to  men  who  open  them  in  rainy 
an<l  frosty  weather  and  during  floods,  or  at  night,  akilt  ia  aorkiag  wickel-danu  ilure  is 
no  danger  at  all  to  tke  attendantt. 
He  adds : 

That  in  l!^59  a  lock-tender  was  drowoed  at  tbe  Epineau  Dam  while  opening  it  on  the  > 
arrival  of  a  small  rise,  and  that  very  often  the  attendants  fall  into  the  water  daring  ' 
the  opeoiDg  of  needle-dams. 
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The  danger  seems  to  be  much  greater  on  tbe  Youne,  where  na^igatioii 
is  iDtermittent,  than  on  the  Lower  Seine,  where  uight-work  is  never  nee- 
essary.  On  the  Belgian  part  of  the  Mease,  as  on  the  Yonne,  the  at- 
tendants often  fall  into  tbe  nver,  and  in  1866  two  of  tbem  were  drowned 
at  the  Haigaanx  Dam, 

It  seeniB  to  me  tbat  in  every  cnse  ^here  tlie  dischftr}^  of  tbe  stream  Id  qneitiim 
Tftriea  iapi<lly,  or  ^There  there  in  navif[iitiau  by  artificial  waves,  tbe  prefereiiQe,  if  anlj 
on  tbe  score  at  tmmauit}',  ouKbt  not  to  be  pvau  to  needie-dame,  aDlesa  tlie  methudi 
of  iForkitiK  them  are  changed,  which  is  probably  qiiit«  practicable. 

M.  Oambuzat  reconnts  several  instances  of  trouble  with  wicket-dams, 
sach  as  tripping-rods  and  horses  broken,  wickets  remtuning  up,  Ecoui 
at  tbe  foot  of  tbe  passes. 

iDJaries  to  some  of  tbe  parla  appear  to  me  to  be  acoidenta  which  prove  uotliiiig 
ajifainst  tbe  Bysteni ;  in  fact,  I  can  cite  the  Melmi  Dam,  whose  uaviKable  paaa  a  fuT- 
nisbed  with  fifty  wickets,  which  were  maneuveted  (iurinj;  all  the  artificial  floods  of  IFffi, 
tbat  is  about  fifty  times,  without  a  single  wicket  evtar  refasing  to  fall,  and  without  ani 
damage  whatever  being  reported.  He  acknowledges,  however,  that  tbe  conRtraotion  of 
a  Cbanoine  wicket -dam  demands  very  great  care  iu  tbe  exact  location  of  all  the  pliitl, 
and  that  the  attendant  must  also  be  very  watchful,  when  raising  the  wickets,  to  see  Ihil 
no  foreign  matter  interposes  between  tbe  heurter  aud  the  foot  of  the  prop,  otberiise 
the  tnppiug-rod  might  not  act  on  it. 

The  weir  that  regulates  tbe  level  of  a  pool  is  tbe  niimt  important  part  of  a  niovablr 
dam  ;  it  ought,  if  poG^ible,  to  give  passage  for  an  overflow  of  such  length  that  itsdf^tb 
shall  in  some  measure  suffice  for  regulating  tbe  level  of  tbe  x>ool  witbont  any  intenes' 
tion  of  the  lock-tender.  If,  in  consequence  of  au  increase  in  the  discbarge,  tbe  oier- 
Uow  no  longer  suffices  to  pass  a  rise,  tbe  weir  ought  by  spontaneous  movement  to  p^c 
au  increase  of  discbarge  corresponding  to  the  supply ;  tbat  is,  it  should  increase  or  dE- 
crease  with  the  latter.  Finally,  it  is  desirable  tbat  the  lock-tender  should  be  ablevbei- 
ever  it  ia  necessiuy  to  control  these  spontaneous  movements,  and  at  any  instant  to 
bave  perfect  command  over  the  apparatus  for  closing. 

If  a  weir  is  so  arranged  as  to  fulfill  the  above  requisites,  it  seems  s 
matter  of  indifTercnce  bow  tbe  object  is  accomplished,  as  where  there 
is  a  coutiunous  navigation  the  pass  is  but  seldom  maneuvered.  Tiie 
system  that  uses  a  needle-dam  on  tbe  weir,  and  wickets  in  the  pasa, 
seems  objectionable,  as  it  does  away  with  a  regulating  overflow  where  it 
is  needed,  and  places  it  where  it  may  be  injurious. 

The  article  concludes  with  a  description  of  tbe  Suresnes  dam,  vitii 
which  the  author  is  very  familinr. 

The  navigable  pass  of  this  dam,  or  rather  the  pass  adjoining  the  Suresnes  lock,  >-' 
closed  by  needles;  tbe  trestles,  sixty-live  in  number,  are  11  feet  in  heigbt  and  "^ 
spaced  at  intervalsof  3feet  7  inches.  Tbe  dam  was  first  closed  on  tbe  3(1  i^Juiie,l^i 
and  since  then  the  fall  at  this  dam,  which  varies  according  to  circumstancos,  has  ntvct 
exceeded  7  feet.  The  number  of  needles  in  use  or  in  store  ou  the  Sd  of  Juneiu 
nine  hundred.  Between  the  a<1  of  June  and  tbe  22d  of  October,  1867,  that  is  lees  tlw 
five  months,  five  hundred  of  these  needles  were  broken.  Leaving  out  of  considenbon 
two  hundred  which  were  broken  by  lieing  struck  by  a  boat,  there  still  remaia  tliif 
hundred  cases  of  rupture,  which  occurred  while  placing  or  removing  the  needles,  iDil 
sometimes  while  they  were  under  pressure,  without  any  apparent  rciuioti.  These  lef- 
dies  were  13  feet  long,  witb  a  cross-section  of  3  inches  by  3  iocbes. 

While  waiting  for  another  supply  of  needles  of  northern  pine,  with  a  section  oF  ^ 
by  3}  inches,  pine  scautling,  9  inches  wide  and  2!  thick,  were  used  in  place  of  needlCi 
and  they  are  still  in  use.  although  some  of  theip  (about  ten)  are  already  broken.  Hi^!' 
were  placed  in  very  much  the  same  way  as  the  ordinary  needles ;  the  height  at  nbic!' 
ooe  of  them  ought  to  rest  against  the  supporting  bar  wbeo  in  position  was  known  be- 
forehand ;  the  scantling  was  then  placed  nearly  horizontal,  resting  on  tbe  bar  at  A' 
proper  mark,  and  then  tbe  up-stream  end  was  slightly  lowered  ;  tlie  current  iiumedi- 
ately  carried  this  end  under,  and  righted  the  scantling;  the  head  waa  held  bact  in 
order  to  lessen  as  much  as  possible  the  shook  against  the  sill.  To  withdraw  a  scant- 
ling, use  waa  made  of  a  boat  with  a  wiodloss;  this  lioat  was  suitably  faateueii  to' 
mooring-cable  stretched  across  ttie  upper  end  of  the  pass ;  each  scantliug  was  drav" 
out  bead  foremost  by  means  of  the  windlass,  and  taken  on  the  boat. 

This  method  of  removing  the  needles  of  the  Suresnes  dam  is  a  dmcs 
sity  whenever  the  fall  is  as  much  as  6^  or  6^  feet.    Information  obtained 
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from  tbe  attendants  at  other  dama  is  to  the  effect  that  needles  are  onl.v 
pot  ID  place  or-removed  from  navigable  passes  when  tbe  fall  is  reilnced 
to  6  or  5J  feet. 

MOVABLE  DAM3  ON  UPPEE  SEINE. 

lu  the  same  volume  of  the  Annals,  MM.  Cbanoine  and  Lagren^  give 
an  elaborate  description  of  the  twelve  dams  constructed  on  the  Seine 
between  Montereaa  and  Paris,  with  full  details  of  the  methods  used  in 
construetitig  tbe  foundations,  and  of  all  items  of  cost.  This  will  be  ' 
given  at  sufficient  length  for  the  purposes  of  the  present  report  frum 
the  later  report  of  M,  Cambuzat,  but  reference  is  made  to  it  for  the  ben- 
efit of  tliose  who  may  desire  to  go  more  fully  iato  this  subject.  The 
following  items  are,  however,  quoted  here,  as  they  are  not  referred  to  by 
M.  Oambazat-. 

Careful  observations  on  the  river,  before  and  after  the  construction  of 
the  dams,  showed  that  they  produced  no  sensible  effect  on  the  heights 
of  floods.  When  they  are  submerged  a  very  slight  ripple  on  the  sur- 
face is  all  that  can  indicate  their  presence.  The  works  themselves  were 
not  injored,  especially  if  the  lock-gates  were  opened  before  the  arrival 
of  tbe  flood.  The  only  effect  was  a  slight  deposit  of  sediment  in  the 
locks. 

The  time  allowed  for  passing  a  fieet  of  eight  boats  through  a  lock  is 
twenty  minuteSi  half  of  which  is  nsed  in  filling  or  emptying  the  lock, 
and  the  other  half  is  needed  for  getting  tbe  boats  in  and  out,  and  for 
closing  and  opening  the  gates.  Tbe  use  of  a  submerged  chain  for  tow- 
ing has  increased  this  time  to  twenty-eight  minutes.  A  single  tow-boat 
can  be  passed  through  in  fifteen  minutes.  The  larger  tbe  lock  the  bet- 
ter, when  navigation  is  habitnally  carried  on  by  fleets,  as  there  is  a  very 
great  gain  in  being  able  to  pass  a  whole  fleet  through  in  one  lockage. 

The  average  time  necessary  for  raising  such  wickets  as  are  used  on 
tbe  Upper  Seine  is  two  minutes  and  teu  seconds  for  each  wicket. 

In  dropping  a  number  of  wickets  there  is  sometimes  considerable 
difficulty  iu  moving  the  last  ones,  on  account  of  the  pressuro  ou  the 
trippiug-rod  of  those  first  <lropped.  This  is  remedied  by  passing  an 
iron  band  under  the  caps  of  the  axle  of  tbe  wicket,  so  that  when  the 
wicket  is  down  it  is  raised  a  little  higher  above  the  tripping-rod,  and 
there  is  less  danger  of  the  weight  of  water  pressing  it  against  the  rod. 

As  it  ia  imimrtant  that  the  lock-tender  should  have  some  index  to 
show  him,  at  all  times,  the  number  of  the  wioket  on  which  the  tripping- 
rod  is  acting  at  tbe  moment,  several  have  been  invented,  three  of  which 
are  described.  They  are  geared  so  as  to  move  either  with  the  tripping- 
rod  or  with  the  axle  of  the  pinion  that  works  it. 

Should  a  wicket  remain  standing  after  the  others  have  fallen,  the  lock- 
tesder,  after  the  current  throagh  the  pass  has  somewhat  lessened,  ap- 
proaches it  from  below  in  a  skift',  and  drops  it  by  a  side-blow  on  the 
prop. 

If  it  becomes  necessary  to  swing  the  weir-wickets  at  a  time  when  the 
overflow  is  nearly  sufficient  to  swing  them  of  itself,  it  is  unsafe  to  use 
the  service-boat,  unless  it  is  fastened  to  a  line  of  piles  above  the  weir, 
as  any  pressure  against  the  wickets,  even  though  the  boat  has  long 
fenders,  might  swing  them. 

A  full  discussion  is  given  of  a  modification  in  the  manner  of  connect- 
ing tbe  weir-nickets  with  their  horses,  so  that  after  these  wickets 
BWing,  the  level  of  the  pool  may  be  kept  constant  as  the  discharge  in- 
creases. This  change,  however,  seems  not  to  have  been  adopted  in  prac- 
tice, and  therefore  need  not  be  considered  here.  (i{^ol(" 


JOINVILLE  DAH  ON  THE  MABKB. 

In  the  same  volame  of  the  Annals  is  an  article  b;  M.  Mal^zieux,  ea 
gineer  of  ponta  et  chauii»4ei,  oa  the  Joinville  dam,  from  vhieh  the  fol- 
lowing; is  taken.  Joinville  is  aboat  11^  miles  above  the  fortiflcations  of 
Paris,  measured  by  the  rirer,  and  about  4}  measured  b;  the  St.  Maor 
Canal. 

A  dam  had  been  ia  eilstence  on  the  Hvdb  at  Joiaville  for  TortT  years.  It  «w  mh- 
structed  ia  order  to  raise  the  water  to  a  miTtimnm  depth  of  5  feet  in  the  &(.  Huir 
Caoal,  and  at  theumie  time  to  create  afall,  which  oauied  the  conatntctiou  of  imponuil 


tDufactoriee  along  the  bankB  of  this  canal.  The  neoeesities  of  Davigatioa  baviiiE 
been  greatly  changMl,  the  first  thonght  was  to  raise  the  old  darn  2  feet,  which  would 
be  enough  to  give  bi  feet  of  draught  in  the  river  between  the  upper  end  of  the  St 
Hanr  Canal  and  the  lowei  end  of  the  Chellea  Canal.  Bnt  the  city  oF  Paris  beaama,in 
liK4,  the  owner  of  the  nianufHctnries  of  St.  Maur ;  and  from  that  tioie  the  motits 
fMwer  waa  ased  to  pnmp  up  the  Marne  water,  in  onler  to  enpuly  the  Vinoeunes  lak« 
aod  the  elevated  parts  of  the  cspitaL  The  city  requested  that  the  Joinville  dim 
ehonid  be  raised  3^  feet,  and  offered  to  share  in  the  cost.  This  waa  abont  the  bi/^aA 
'devation  that  coold  be  permitted  without  seriouB  inoonvenienoe,  if  not  on  aooonat  il 
the  submersion  of  the  tanks  above,  at  leaat  on  acconut  of  the  heights  of  the  eugat 
at  the  charcoal-boats  which  pass  thrungh  the  tunnel  of  the  St.  Maur  CanaL  Tii« 
proposals  of  the  city  wero  accepted  by  the  state. 

It  was  found  inadvisable  to  rebuild  the  old  dam,  and  au  entirely  oev 
one  was  built  about  1,400  feet  below  the  old  dam,  so  as  to  leave  a  btisiD 
■of  a  little  more  than  12  acres  below  the  mouth  of  the  SU  Maur  Canal 
This  canal  is  a  cut-off  by  which  boats  pass  through  two-thirds  of  a  mile 
-of  canal  instead  of  eight  miles  of  river,  ^s  navigation  goes  almost  eo- 
tirely  through  the  canal,  there  is  little  need  of  a  navigable  pass,  aud 
accordingly  it  is  only  39  feet  wide.  The  weir  is  207  feet  Id  length.  The 
wickets  are  3  feet  7  inches  high,  and  their  tops  are  8  feet  2  inches  atxjve 
the  bottom  of  the  St.  Maur  Canal.  The  lift  of  the  dam  in  low-wat«r 
is  7  feet. 

Experieuce  on  the  upper  dams  of  the  Mame  having  shown  that  the 
Chauoine  wickets  were  liable  to  many  aocidents,  and  the  Mame  not 
being  a  river  subject  to  sudden  heavy  floods,  and  there  being,  od 
accouDt  of  the  special  peculiarities  of  the  situation,  but  seldom  occaaion 
for  opening  the  {>as8  of  this  dam^t  was  thought  best  to  close  the  Iatt«r 
by  a  needle-dam,  and  to  use  the  Deafontaines  wickets  on  the  weur. 

The  Desfootalnes  system  has  been  in  operation  at  the  Damery  dam 
since  1857,  and  at  the  Courcelles  dam  since  1861,  but  is  still  not  well 
known,  and  M.  Mal^zienx  gives  a  description  of  it,  from  which  we  ool)' 
«xtraot  such  matter  as  has  not  been  mentioned  already. 

The  weir  is  contained  between  two  rows  of  sheet-piling,  26  feet  apart. 
The  up-stream  capping-pieces  are  even  with  the  permanent  sill,  at  3 
feet  8  inches  below  the  level  of  the  pool ;  the  down-stream  caps  are  at 
the  level  of  low-water.  Before  the  piles  were  driven,  the  area  to  be 
covered  with  beton  was  dredged.  The  least  thickness  of  beton  belo* 
the  level  of  the  low-water  below  the  dam  was  taken  at  4  feet,  but  this 
depth  was  occasionally  exceeded. 

The  first  thing  is  to  construct  the  main  body  of  masonry,  which  con- 
tains a  cavity  7  feet  wide,  with  a  cross-section  composed  of  a  qaadnut 
adjoiuiog  a  rectangle,  and  extending  from  one  end  of  the  weir  to  the 
other.  The  two  edges  of  tlie  opening  have  cut-stone  borders.  Wheu 
tbie  is  finished  it  is  divided  into  sections,  or  drums,  each  5  feetlonf!- 
separated  by  large  transverse  diaphrngms  of  cast  iron.  These  plates 
enter  the  masonry  to  a  depth  of  3  inches,  and  each  one  has  two  open- 
ings cut  through  it ;  one  IS  on  the  up-stream  side  near  the  top  of  the 
i]uftdrant,  and  is  wider  than  it  is  high,  making  a  horizontal  openiug 
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tbc  otlier  is  on  tlie  ilown-stream  side,  is  higher  than  it  is  tride,  and  forma 
a  vertical  opening.  The  latter  is  made  of  such  a  size  that  a  man  can 
withont  moch  diniculty  pass  through  it  from  one  end  of  the  weir  to  the 
other. 

Each  drum  now  received  a  large  plate-iron  wicket,  which  has  near  the 
middle  a  horizontal  hioge.  This  hinge  is  a  cast-irou  tube,  which  con- 
tains awrought-iron  spindle  from  one  end  to  the  other.  Its  extremities 
rest  on  the  two  diaphragms,  at  the  level  of  the  upper  border  but  nearer 
the  lower.  The  wi(;ket  itself  is  formed  of  three  arm»,  each  7  feet  11 
inches  long,  and  of  two  pieces  of  sheet-iron  two-tenths  of  an  inch  in 
thickness. 

The  arms  i>ass  through  the  hinge,  and  inside  of  it  are  shaped  as  col- 
lars, in  which  the  axis  tnrns;  they  completely  fill  the  annular  ^>ace  be- 
tween the  latter  and  the  inside  surface  of  the  hinge. 

The  counter- wicket,  starting  from  the  hinge,  is  bent  backward  1  foot 
4  inches,  and  then  becomes  parallel  to  the  wicket.  The  object  of  this  is  to 
prevent  the  counter- wicket  from  extending  above  the  horizontal  opening 
when  the  wicket  is  down.  When  the  wicket  is  up  the  downstream  side 
«f  the  counter- wicket  coincides  with  the  up-stream  side  of  the  vertical 
opening.  It  is  prevented  from  passing  this  position  by  a  wooden  sill, 
against  which  its  lower  edge  rests,  by  two  moldings  on  the  diaphragms 
that  correspond  in  shape  to  the  sides  of  the  counter- wickets,  and  by  a 
molding  on  the  hinge  which  comes  in  contact  with  its  upper  edge. 
There  is  a  play  not  exceeding  one-seventh  of  an  inch  between  the  counter- 
wicket  and  the  walls  of  its  drum.  To  secure  such  accnracy  of  fitting 
the  iron-work  is  planed,  and  the  stone-work  of  the  cylinder  is  covered 
with  Portland  cement,  which  is  accurately  shaped  by  a  cntting-tool 
turning  on  the  axis  of  the  wicket  When  the  wicket  is  up  the  counter- 
wicket  is  in  contact  on  all  sides  with  the  projections,  and  as  its  surfaces 
of  contact  are  faced  with  India  rubber,  there  is  no  leakage.  When  the 
•counter- wicket  is  in  any  other  position  there  is  a  slight  waste  of  water. 

Each  drum  is  divided  by  the  counter-wicket  into  two  comparthtents. 
and  the  top  of  eacli  is  covered  by  a  sheet  of  ptate-iron,  which  is  fastened 
to  the  sole,  to  the  diaphragms,  and  to  the  binge ;  this  combination  sup-. 
]>orts  the  hinge  itself. 

Tlie  abatmeet,  which  is  9  feet  10  incheB  thick  and  25  feet  long,  is  pierced  throoitli 
th«  middle  b;  a  loD^itudinal  culvort  whose  sectioua  vary  as  followB :  At  each  extrein- 
icj  are  twu  psrta,  each  4  fi;et  3  inches  in  length  and  3  feet  3  inches  vide  by  4  tiaet  3 
iache«  fafKh,  fiit^  which  a  man  can  easily  enter ;  the  np-stresm  culvert  bu  ita  iole  1 
foot  3  iuchiK  above  the  luw-watar  line  below  the  dam,  while  the  down-Btreaio  one  has 
ita  sole  exactly  at  thin  leveL  In  tba  niiddlu,  with  a  lensth  of  9  fuel  IQ  inches,  and 
separated  from  tbe  end  parts  by  twii  cbimneya  or  wells,  which  establish  a  commimico- 
lioii  with  the  top  of  tbe  abntuient,  is  tbe  essential  part  of  the  arrangement,  that  la 
wbich  the  dlstriliutioD  of  water  Is  efiucted  and  on  which  depends  the  maneavering  of 
tbe  weir.  In  this  central  part  the  culvert  is  divided  into  two  rec tan gn tar  conduits,  one 
above  tbe  other,  and  oiilj  separated  by  a  five-eighths  plate  of  cast  iron  ;  these  con- 
duits aiv  each  2  feet  7  iucbes  wide  and  i  feet  high.  Ac  ordinary  cast-iron  valve  placed 
at  tbe  nppcr  end  shuts  one  of  these  openings  while  nnmasliing  the  other ;  there  is  a 
similar  vulve  at  the  lower  end.  A  balance- beam,  to  which  are  attached  the  rods  of 
both  valves,  catnDinaicates  to  the  down-itream  valve  tbe  movement  caused  in  the  np- 
Blreaui  oue,  or,  mare  accurately,  tbe  opposite  movenjeut. 

lo  the  bcid;  of  masonry  which  separates  these  condnits  from  tbe  ont«r  wall  of  the 
abntment,  and  cvnsequently  from  the  first  dm m  of  tbe  weir,  two  other  oond nits  arecon- 
etrncted,  t>nt  no  longer  superposed.  One  of  tbero,  which  is  placed  on  the  up-atream 
side  and  at  tbe  higher  elevation,  prolongs  tbe  horizoatal  opeuinj[  of  the  diaphragms 
nntil  a  conneotiou  is  mnds  with  the  npperooudultja  the  abutment;  the  other  prolongs 
the  vertical  opening  to  a  connection  with  the  lower  conduit     (See  the  plat«s.) 

The  method  of  raising  and  lowering  the  wickets  has  already  been 
explaiued. 
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It  ia  essential  to  the  suceessful  afie  of  drum-wicketB  that  there  shonli] 
be  a  fall  at  the  dam,  and  this  is  obtained  by  raising  the  permaaeot  part 
of  the  weir.  The  obstacles  to  raising  are  the  current  and  a  deficiency 
of  fall,  both  of  which  are  least  in  low-water  and  greatest  iu'kigh.  TIte 
friction  of  the  arms  on  the  axis  must  also  be  overcome.  It  is  not  likely 
that  the  axes  of  the  wickets  will  get  untrue,  as  they  are  short  and  are 
held  by  three  pairs  of  collars.  The  resistauce  of  the  water  in  the  npper 
compartments  when  the  wickets  are  lowered  prevents  them  from  coininj 
down  with  a  shock. 

At  Joinfllle,  nhen  the  river  below  tbe  dam  ia  at  low-water  mnrk,  (zero  of  Ibi'  ira- 
ter-ganj^,)  a  fall  of  4  to  6  incben  ii  Buffloient  to  ntine  the  wicketa.  If  the  paw  ia  com- 
pletely abut,  wbicb  forces  the  water  to  flow  over  tbe  {lermaneot  part  of  tlie  vfir.it 
takes  aboat  two  niinntes  to  raise  the  wickets  nod  one  minute  to  lower  them.  On  tbe 
6tb  of  Marcb,  18^,  the  water-flnrfice  staudinK  at  7  feet  above  tbe  dam  and  at  i  fnt ' 
ioobes  below  it,  twelve  miuutes  were  requtreuto  raise  the  wickets,  aad  five  to  lovo' 
tbem.  ODaDotbBroccaaion.wben  the  water  above  stood  at  6  feet  7  iacbes,  and  stSfcfi 
below,  ahalf  hour  wasreqiiiTed  to  raise  tbe  wickets.  This  is  abonttbe  limit  at  wlitchtb^ 
Joinvllle  wioketa  will  irork.  To  extend  this  limit  wotild  be  easy,  bat  there  woald  be 
no  practical  advantage  in  so  doins,  and  it  would  be  a  uaelssB  increase  of  cost,  for  nhni 
tbe  water-Borface  stands  at  a  height  of  4  feet?  inches  below  tbe  dam,  the  wickets  ban 
no  service  U>  render  to  navigation,  and  the  necessities  that  are  ordinarily  served  bj'  (Ik 
Saint  Haur  pnmps  are  more  than  satisfied. 

It  was  natnrally  to  be  expected  that  tlierw  might  be  trouble  at  Join- 
ville  on  account  of  the  sediment  and  gravel  that  would  be  deposited  in 
tbe  drums.  Experience,  however,  has  shown  that  the  strong  cnrrents 
that  can  be  sent  through  the  upi^r  and  lower  compartmeuts  by  suitabtj- 
vorking  the  valves  in  the  pier  and  in  the  abutment  are  SHEBcient  to  re- 
move such  deposits  entirely.  Care  is  taken  to  have  gratings  at  the  beads 
of  the  culverts,  in  order  to  keep  out  leaves,  sticks,  &c.,  and  there  are 
special  valves  that  can  be  used  to  ent  off  all  communication  between  tbe 
culverts  and  the  upper  pool  during  the  winter  season  when  the  water i$ 
mnddiest. 

One  great  merit  of  Desfontaines'  wickets  is  that  they  are  more  nearly 
water-tight  than  any  others.  The  interval  of  fonr-tenths  of  an  incb  be- 
tween the  wickets  can  easily  be  reduced  to  two-tenths  or  less. 

If  aboat  sfaonld  be  driven  by  the  current  against  one  of  the  wickets 
and  should  injure  it,  it  can  at  once  be  replaced  from  the  spare  wickets 
which  are  always  in  store.  Such  an  accident  could  hardly  happen  ex- 
cept when  the  river  was  tolerably  high,  and  as  the  upper  compartments 
are  always  in  communication  with  the  upper  pool  when  the  wickets  are 
ap,  in  most  cases  the  only  resnlt  will  be  that  the  counter-wicket  will 
drive  back  the  water  that  presses  against  it,  and  the  wicket  will  gradu 
ally  yield  to  the  shock  and  lie  down. 

The  drums  can  be  laid  dry  for  repairs  whenever  the  water  beloff  the 
dam  does  not  stand  higher  than  3  feet  on  the  gauge,  (wbicb  is  the  case 
during  half  the  year,)  by  bnilding  little  dams  in  the  piers  and  in  tbe 
abutment,  for  which  recesses  are  left.  This,  however,  necessitates  that 
3  feet  7  inches  be  drawn  off  from  the  pool.  At  Joinville  this  plan  was 
considered  objectionable,  and  instead  of  it  -i  line  of  triangnlar  frame^ 
3  feet  7  inches  high  and  9  feet  10  inches  apart,  was  placed  on  tbe  weir 
above  tbe  wickets.  These  frames  lie  down  like  the  trestles  of  a  Poin'e 
dam.  They  are  used  as  the  supports  of  a  temporary  dam  of  timbers  8} 
inches  by  4  in  section,  which  have  claws  that  connect  them  witli  the 
uprights  of  the  frames.  They  are  easily  placed  from  a  skiff,  and  tbe 
dam  is  made  water-tight  by  a  covering  of.  tarred  canvas,  held  doirn  by 
weights.  After  the  top  of  the  weir  is  exposed,  a  little  traveling-craoe, 
running  on  rails  and  movable  from  one  end  of  the  weir  to  the  other,  is 


..Coot^lc 


49 

used  for  bandling  tti«  Tricketa  Id  leas  tlian  it  day  tlie  covers  can  be 
taken  off.  the  wickets  can  be  raised  and  examined,  and  all  can  be  re- 
placed. No  pump  is  used  unless  it  is  thought  advisable  to  emiity  the 
drums. 

Special  precautions  were  taken  to  prevent  wash  below  the  weir  of  the 
Joinville  dam,  as  the  use  of  a  notched  bar  Ut  i>ecmit  the  hatf-Iowering 
of  wickets  was,  for  simplifiation,  rejecttnJ.  The  greatest  diJHculty  was 
encountered  below  the  pass.  The  following  is  a  description  of  this 
danger,  and  of  the  means  taken  to  meet  it : 

The  lower  end  of  tlie  sole  of  the  pass  is  exposed  to  still  more  dODgerons  coiioaionB. 
Kuil  it  may  cbaiice  that  tbo  whole  Mame  will  pass  through  this  narrow  opening  of  only 
B9  feet.  In  fact  a  scour,  to  the  depth  of  I^  feet  below  low-wat«r,  was  very  soon  formed 
at  II  distance  of  100  feet  below  the  pass.  In  order  to  keep  the  ultimate  scour  at  a  suit- 
able distaacB  from  the  dam,  bearing  in  mind  the  diCQculty  of  makiai;  the  necessary 
repairs  to  a  oovering  2  feet  4  inches  below  low-water,  the  rock-work  for  a  distance  of 
iO  feet  was  covered,  not  by  a  masonry  pavement,  but  by  a  strong  flooring  of  onk  lim- 
bers, hoUed  carefoUj  to  the  caps  that  connected  the  six  rows  of  piles. 

The  trestles  of  the  pass  are  9  feet  10  inches  high  and  the  one  nearest 
to  the  pier  is  6  feet  7  inches  distant  from  it,  so  that  a  space  has  to  be 
made  for  it  in  the  pier,  and  this  recess  is  separated  from  the  culvert  by 
ft  special  casting.  The  service-bridge  is  6  feet  7  inches  below  the  top  of 
the  pier,  and  the  latter  is  reached  by  a  short  ladder  and  four  steps  io  the 
pier  itself.  A  supplementary  bridge  is  provided,  whose  floor  is  4  feet 
higher  than  that  of  the  roaiu  bridge,  but  it  is  seldom  used,  as  the  latter 
answers  for  most  purposes. 

The  ironwork  of  the  wickets  cost  49,S4i  francs,  or  $9,470. 

The  counter-wickets  of  the  Marne  weirs  are  generally  of  the  same 
length  as  the  wickets,  but  at  the  Courcelles  Dam  the  former  are  4§  inches 
longer,  and  these  wickets  are  in  consequence  perceptibly  more  readily 
maneuvered  than  any  others.  The  louger  the  counter- wickets  ths 
greater  the  height  of  the  river  at  which  the  raising  of  the  wickets  be- 
comes impracticable. 

To  satisfy  the  local  wauts  of  the  Marue  navigation,  M.  Desfoiitaines 
adopted  the  following  rules: 

1.  To  make  the  height  of  the  permanent  part  of  the  weir  e<iual  to  half 
the  difference  of  level  in  low-water.  2.  To  limit  the  sinking  of  the 
drums  below  the  low-water  line,  at  the  foot  of  the  dam,  to  froui  12  to 
16  inches.    But  these  rules  were  neither  general  nor  absolute. 

There  are  some  advantages  in  a  high  weir,  provided  it  is  not  too 
costly  on  accomit  of  its  length ;  such  as  greater  security  than  a  mov- 
able curtain,  greater  ease  of  establishing,  examining,  and  repairing  its 
movable  parts,  and  less  exposure  of  the  latter  to  being  covered  by  sand 
or  sediment. 

Besides  this,  the  height  secures  the  initial  fall,  which  is  necessary  for 
tbe  maaeoveriDg  of  the  wickets. 

M.  Mal^zieax  believes  that  there  is  no  practical  difficulty  in  the  way 
of  making  deeper  drums  and  higher  wickets  on  the  Desfontaiues  system. 

IMPROVEMENTS  ON  POm£B  NEEDLE-DAMS. 

In  Vol.  XX,  Annates  dea  ponts  et  ckauaa^es,  1870,  M.  Saint  Yves  takes 
■p  the  subject  of  the  improvements  practicable  on  Poir^e  iieedle-dams. 
The  substance  of  his  remarks  is  as  follows: 

One  of  the  troubles  with  ti  needle-dani,  esi>ecially  when  high,  is  its 

lack  of  tightness.    After  a  careftil  InveNtigation,  whiith  is  given  in  full 

in  the  original,  be  reconimeuded  that  the  cross-section  of  the  needles 

should  he  a  semi-regulnr  hexagon,  obtxined  by  taking  lui  f  nutlateral  tri-  > 
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angle  with  sidi's  of  5^  inches,  and  cutting  off  from  each  of  ita  tlim 
angles  amaller  equilateral  triatiglea  ^itb  sides  of  li  inches.  ( See  Fig, 
S3.) 

On  the  Seine,  below  Pitris,  the  ditms  are  9  feet  10  inches  in  heigbl, 
and  the  depth  provided  for  navigation  is  {>  feet  7  inches,  the  crovusof 
the  waaoory  of  the  dams  being  placed  at  a  low-water  line.  Wheoem 
the  river  snrface  below  a  datn  sUiuds  at  2  feet  below  its  top,  or  at  7  feet 
10  inches  above  the  masonry,  the  movable  part  is  thrown  down,  and 
boats  can  easily  cross  without  striking  the  sill.  In  order  to  prevent 
the  boats  from  being  entirely  stopped  during  low-water,  in  case  of  it- 
cidetit  to  the  lock,  each  dnm  has  a  navigation-pass  closed  by  a  neeiile- 
dam.  As  the  needles  for  these  passes  would  have  to  be  so  long  and 
heavy  that  they  could  not  be  handled  without  great  labor,  it  wan  de- 
cided by  the  General  Council  of  Fonts  et  ChatiMies  that  a  movable  eill 
should  be  nsed  which  conld  be  removed  whenever  necessary.  M.  Saint 
Yves  does  not  approve  of  this  arrangement,  as  be  thinks  that  id 
course  of  time  the  movable  sill  would  either  be  destroyed,  or  so  tousoli- 
dated  with  tbe  masonry  that  it  could  only  be  removed  by  tearing  it  to 
pieces. 

In  order  to  remove  this  difficulty,  M.  Marini  tried,  at  tbe  Bezons  (lam. 
intermediate  sup'ports  for  long  needles,  (Figs.  54,  55,56,  57,  andaS.) 
80  tbiib  they  might  have  three  points  of  support  instead  of  two.  A 
carel'nl  examination  into  this  question  shows  that  for  heights  of  12J  feet, 
where  the  needles  rest  against  intermediate  horizontal  beams,  supported 
against  the  trestles  at  a  height  of  4  feet  7  inches  above  tbe  sill,  they  resist 
well ;  and  this  is  also  tbe  case  when  the  height  is  13  feet  aud  the  inter- 
mediate support  is  at  an  elevatioo  of  4  feet  10  inches.  With  such  au 
arrangement  movable  sills  are  no  longer  necessary,  but  more  skill  is  k- 
quired  in  removing  needles  thus  supported  in  order  to  avoid  beiug 
drawn  into  the  water.  Tbe  best  place  for  the  intermediate  beam  is  a 
little  above  the  center  of  pressure  of  the  water.  It  must  be  observed, 
bonever,  that  this  additional  security  is  only  obtained  while  the  neeUles 
are  in  place.  They  are  still  weak  to  resist  the  forces  acting  on  tbeoi 
when  tbey  are  being  lilted.  The  best  remedy  for  the  difficulty  seemsto 
be  to  have  a  special  apparatus  tor  regulating  the  level  of  tbe  pool, » 
that  the  needles  need  only  be  lifted  wheu  the  latter  ceases  to  suffice  f« 
the  discharge,  by  which  time  the  lower  pool  will  have  been  raisetl,  and 
the  pressure  on  the  needles  will  thus  have  been  diminished. 

Tbe  Apparatus  recommended  is  Chanoine  wickets  on  the  weirs,  but 
automatic  action  does  uot  seem  desirable,  as  by  dispeusiiig  with  it  >* 
greater  swing  of  the  wickets  may  be  obtained..  If  only  a  short  leiigtb 
of  weir  be  available,  Desfontaines  wickets  should  he  used,  as  these  can 
lie  down  flat,  and  tlius  permit  a  greater  discharge. 

DAMS  ON  THE  MEU8B. — TRES'J'LES  WITH  ESCAPEMENTS. 

The  arrangements  on  tbe  Meuse,  to  o]ien  needle-dams  by  escapoiDeuls, 
differ  from  those  on  the  Yonne.  On  tbe  latter  they  were  designed  witb 
a  view  to  making  artificial  floods,  and  therefore  rapidity  of  action  v^" 
specially  desired.  As  soon  as  one  bay  was  opened  all  the  otiieni  fol 
lowed,  and  the  movement  took  place  so  rupidly  that  sometimes  tbe 
dam-tender  could  not  get  off  the  bridge  in  time,  but  was  precipitri*^ 
into  the  river. 

The  Belgian  dnniH,  irith  PBcnp«inenlR,  nr«  coDBtnicfeil  in  acronlonee  with  iin  rniiri-lv 
different  oiiler  of  iiluas.  EhvIi  cscnpuii.enl  is  put  in  motion  liy  tile  H|i|ilicH>iiiii  "f '" 
exterior  force,  and  tlie  oiwuiiigB  tuku  }lace  siuglj-  audoue  after  llie  other.    Tl|,eOt|i<*' 
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which  the  Belgian  engineers  proposed  to  tbemselvM  ^ae  to  ftvojd  the  removal  of  the 
needles  by  hand,  and  one  at  a  time ;  aod  by  tlieir  system  they  have  snccoeded  in  mak- 
ing daily  use  of  needles  irbicb  square  fkim  4  to  41  inches.  Tue  buidliDg  of  these  little 
pine  Joists  is  limited  to  carryinj;  tbem  on  tbe  dam  and  placiDg  them  in  the  nater, 
which  are  easy  operations  that  require  no  mannal  deit«Tit]-,  but  only  tbe  effort  neces- 
ouy  to  lift  a  weight  and  carry  it  ou  tbe  sboalder. 

By  using  these  heavy  needles  tlie  height  of  dams  can  be  iacreaseil  to 
13  feet  without  osing  iatermediate  supportH. 


Tbefr  general  shape  is  about  the  same  ss  that  of  the  trestles  used  in  France.  Thf  y 
only  diQer  in  the  upper  part.  The  cap,  which  forms  the  smaller  base  of  tbe  qnad- 
rilatenl,  is  sarmonnted  by  a  rectangulsj'  frame-work,  which  carries  the  eecapemeut 
apparatus  and  the  foot-hridge.    (See  Pi;p.  59,  60,  and  61.) 

Of  tbe  two  vercicfti  parts  of  this  frame,  one,  that  on  the  np-etreftm  side,  is  composed 
of  a  piece  of  wronght  iron,  which  is  welded  to  tbe  treetle,  and  is  afterword  bored  ont 
eo  as  to  form  a  tul^,  io  which  turns  a  vertical  iron  rod,  A.     (Fig-  •>9.) 

The  clamp-bar,  which  connects  one  trestle  with  the  next,  is  provided  at  one  end  with 
«  collar  which  envelopes  the  tube,  around  wbicb  tbe  clamp-bar  turns.  This  collar  is 
lioUowed  out  on  tbe  larger  part  of  its  oircamfetence  so  as  to  admit,  in  all  its  nosltions, 
<it  can  only  describe  a  quadrant,)  the  head  of  tbe  a^joiuing  clamp-bar,  B.  The  collar 
is  held,  so  as  to  prevent  any  vertical  movement,  by  a  ring,  C,  which  is  fastened  to  the 
tube  by  two  screws.  The  bead  of  each  olamp-bar  Is  forged  in  tbe  shape  of  a  T,  and 
eDtera  the  caFities  cat  oat  of  tbe  collar  of  the  o^JoininK  clamp-bar,  those  cut  ont  of 
tbe  tnbe,  and  lastly  those  cut  out  of  the  Iron  rod.  Finally,  ou  the  nnder  side  of  each 
clonip-bar  and  near  itahead  isavertical  prpjeotion,D,  (Fig.  60,)  which,  after  tbe  bar  is 
tumeid,  strikes  af^nst  tbe  cap  of  tbe  trestle  proper  and  limits  its  movement  of  rota- 

Tbe  iron  rod  is  prevented  from  moving  vertically  by  a  screw,  E,  (Fig.  59,)  Which 
Aoconipaniea  it  in  its  qnarter  of  a  revolution,  moving  in  a  groove  out  out  of  the  tube. 

The  dawn-stream  post  of  the  top  frame  is  arrange<l  so  as  to  receive  a,  horizontal  bar 
for  supporting  tbe  iron  plate,  nbicb  serves  to  make  a  foot-bridge,  and  la  bind  together 
the  trestles  by  means  of  claws.  This  bar  has  a  socket  on  its  up-stream  side,  which  sur- 
vanods  the  tabe. 

Tlie  iron  rod  works  in  the  tube  by  friction,  and  it  is  tnmed  by  nippers  shaped  like  ft 
wrench.    The  escapement  caunot,  therefore,  act  Bpontaneonsly. 

The  dams  on  the  Meuse  are  divided  into  two  paHsee  by  a  pier,  which  is  hollowed  ont 
Ao  SB  to  have  chambers  on  each  side  to  receive  the  end  trestles.  There  are  no  niches  in 
the  Bbutmenta,  and  the  treaties  are  always  dropped  in  the  same  direction. 

The  trestles  are  connected  by  chains,  bnt  tbe  necessity  of  leaving 
room  for  the  olamp-bars  to  turn  and  the  needles  to  escape  compels  the 
division  of  the  chains  into  two  parts,  one  of  which  is  fastened  to  a  trestle, 
«nd  the  other  to  the  fiooring  of  the  adjoining  trestle.  When  the  trestles 
are  lowered  these  chains  are  connected,  bnt  they  are  separated  when  tbe 
bridge  is  up. 

Tbe  tresttes  are  bedded  by  gt^ing  them  a  slight  push  after  raising  the 
floor,  so  as  to  disengage  the  claws.  They  are  raised  by  using  a  light 
portable  windlass.  The  needles  of  each  bay  are  connected  by  a  rope 
which  passes  under  the  flooring,  and  is  fastened  to  the  down-stream  post 
of  the  trestle.  When  it  is  necessary  to  increase  the  discharge,  a  certain 
namber  of  bays  are  opened  by  turning  their  clamp-bars.  In  this  case 
the  end  of  the  rope  which  holds  the  needles  of  each  bay  is  tied  to  a 
cable  which  is  fastened  to  tbe  pier  or  abutment,  so  that  the  needlea 
float  to  them  and  are  picked  up  at  leisure. 

From  the  above  the  author  concludes  that  it  is  quite  practicable  to 
ase  tlie  Puinie  system,  with  a  regulating  weir  provided  with  Chanoine 
wickets  ap  to  a  height  of  13  feet ;  but  the  semi-regular  hexagonal 
needles  should  be  preferred  in  order  to  prevent  excessive  leakage. 

The  best  exemplitication  of  the  present  practice  of  foreign  engineers 
la  improving  a  river  ou  a  plan  similar  to  that  proposed  for  the  Ohio  is 
to  be  found  in  the  works  recently  executed  by  the  French  government 
ia  the  Upper  Seine  and  Tonne. 


IMPHOTBMENT  OF  THE  YONNB  AKD  THE  UPPER  SEINB. 

The  folloiving  desaription  is  taken  from  tli6  Marcli  number  for  IS'S, 
of  tbe  Annalei  dea  ponts  et  cliaus»^i.  This  article  is  so  ralnabte  iu 
itself,  and  so  pertinent  to  our  present  inrestif^atioD,  that  but  little  of  it 
can  be  omitted.  TJnfortnnatel;  the  illustrative  plates  do  not  accou- 
panj  tbe  text,  but  are  promised  ia  some  future  iiumber.  It  is  beliered, 
tiowever,  that  the  plates  tbat  accompany  tbe  other  reports  sufl^eolij 
explain  this  one.  The  author  is  M.  Cambazat,  chief  engineer  deiptmi* 
et  chavta^. 

The  great  water  route  coDoetrting  Havre,  Rouen,  an<l  Palis  with  Lfone  and  )I*t- 
eeiUtM,  by  the  Suioe  and  Vunae  Rivera,  the  Bnrgatidy  Canal,  and  the  rivera  SbAqb  and 
RboDe,  (see  map  on  plate  6,)  bad,  until  September,  1671,  a  very  defective  sectioD  ;  in 
fact,  a  veritable  eap,  116  miles  lonE,  betn-een  Paris  and  Larocbe,  tvhere  tbe  Bur^inclf 
Canal  ent«r8  tbe  VoDne.  !□  fact,  tor  ei^bt  or  nine  months  of  the  year,  from  March  to 
November,  tbe  descvut  of  loaded  boats  was  only  possible,  especially  on  tbe  Yonne,  tnir« 
a  week,  by  the  aid  of  artificial  lloods  or  waves  from  the  Upper  Yoane,  and  the  draafiht 
of  water  available  varied  from  S^  feet  to  :)  feet  4  iuclies,  and  3  feet  7  inches  at  most', 
so  tbat  boats  from  the  Iturgnndy  Canal,  drawinfi;  from  3  feet  7  inches  to  4  feet  7  JDckee, 
were  obliged  to  break  bulk  at  Larocbe.  As  to  asceodiog  craft,  they  were  Kcnenll.r 
empty,  or  ouly  carried  a  few  tons  of  merchandise.  This  costly,  slow,  and  allofreCbcr 
InsaEdoiont  navigation,  woe  accompanied  by  great  fatij;ue,  by  danger,  and  by  uumeioss 
Bceidents.  Although  it  was  somewhat  less  difflcolt  ou  the  Seine,  navigation  wm  macb 
hindered,  and  often  stopped,  between  Moutereno  and  Paris.  Since  the  1st  of  September. 
IS71,  there  has  been  a  continuous  navigation  between  Paris  and  Larocbe,  thanks  to  IT 
movable  dams  coostrucled  oo  the  Yonne,  and  to  i  cat-ofls  aod  12  movable  dams  en- 
atructed  on  the  Seioe.  Tbe  minimom  depth  of  waKr  in  tbe  pools  is  5  feet  3  incbn. 
and  therefore  boau  can  move  up  and  down  with  perfect  safety,  drawing  from  4  loS 
feet.  At  present,  while  the  works  are  yet  incomplete,  the  greater  part  of  the  liwli. 
especially  those  tbat  come  from  the  Nivemais  Canal,  do  not  draw  over  4  feet ;  boi 
when  the  works  of  the  same  kind  (that  is,  8  movable  dams  and  one  out-off,  now  being 
built  between  Larocbe  and  Auxerre,  nbere  tbe  Kiveroais  Canal  enters)  are  iiDisbed. 
which  will  be  by  tbe  end  of  this  year,  (lr^73,)  tbe  great  advantages  will  be  hsppiif 
reolizod  wbiob  the  govemnient  had  in  view,  unil  which  were  looked  for  with  imp*- 
tience,  but  wilh  coulideuce,  by  the  boating,  commercial,  industrial,  aad  agricuUsnl 
interests. 

The  greatest  flood  ever  known  on  the  Yonue,  that  of  January,  1802, 
rose  16  feet  at  Montereau,  The  low-water  discbarge  between  Auxeire 
and  Larocbe  is  459  cubic  feet  per  second,  and  the  average  slope  3^  Awt 
per  mile;  between  Larocbe  and  Montereau  tbe  discharge  is  60U  cobic 
feet  per  second,  and  the  slope  1  foot  10  inches  per  mile. 

The  first  effort  to  improve  the  navigation  of  the  Yonne  was  directed 
toward  checking  the  flow  of  tbe  artificial  floods  by  movable  dams,  in 
order  to  prevent  their  too  speedy  absorption.  On  this  plan,  descendiss 
boats  and  rafts  were  stopped  at  each  dam,  and  after  all  had  arrived  anev 
flood  carried  them  to  the  next  one.  But  the  increasing  demands  of  com- 
merce for  aconfmuousnavigationcaused  the  adoption  of  the  present  sys- 
tem. Between  Larocbe  and  Monterenu  (the  mouth  of  the  Yonue)  there 
are  now  17  movable  dams,  of  which  6  belonged  to  the  old  system  of  nari- 
gatioa  by  temporary  floods.  These  had  each  a  navigable  pass  varying  in 
width  from  194  to  230  feet.  One  of  these  dams  was  replaced  by  a  aev 
one,  but  tbe  others  were  retained,  with  some  modifications.  Each  hail » 
lock  attached  for  use  during  low-water.  Eleven  new  dams  were  con- 
structed, all  of  which  have  locks  attached,  except  those  at  the  heads  of 
cnt-offs,  whose  locks  are  generally  at  the  lower  end  of  the  cut-off.  The 
navigation  passes  of  these  new  dems  are  115  feet  in  width,  and  the 
weir  has  a  minimum  length  of  164  feet.  The  sill  of  the  navigation  i)as^ 
ia  placed  at  2  feet  below  the  low-water  line.  The  sill  of  the  weir  is 
placed  20  iucbes  above  the  same  line,  and  therefore  is  3  feet  8  inches 
higher  than  tbe  sill  of  the  pass.    Two  cnt-offs  across,  difficult  bend^ 
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sbortenthe  rirer  a  little  more  tban  i  miles.  At  the  liead  of  each  cut- 
off is  a  gaard-locic  and  at  tbe  lower  end  a  lift-lock.  At  the  Courlon  cut- 
off the  lift  of  the  lo'wer  lock  Is  12  feet  9  inches.  The  bottom  width  of 
each  cut-off  is  52^  feet. 

Wherever  dred^ng  was  necessary  a  channel  was  made  100  feet  wide 
and  5  feet  deep  at  low  water. 

The  works  for  improving  the  navigation  between  Montereau  and 
Laroche^  authorized  in  1861,  were  nearly  completed  iu  1868,  when  a 
oontinnation  ap  the  Yonne  to  Anxerre  was  ordered.  These  new  works 
were  commenced  in  1869,  and  although  retarded  by  tbe  war  with  Ger- 
many, will  prebably  be  completed  by  the  end  of  the  present  year. 
These  new  works  consist  of  eight  movable  dams,  (of  which  seven  have 
locks,}  one  cnt-off,  dredging,  bank-protection,  and  minor  works.  The 
dam  of  La  Cbaluette,  just  below  Auxerre,  has  a  navigation- pass  138  feet 
vide,  closed  by  a  Foii^e  needle-dam,  and  a  permanent  weir  656  feet  long, 
whose  top  is  even  with  the  surface  of  tbe  pool.  The  sole  of  the  naviga- 
tion-pass Is  20  inches  below  low  water.  The  chamber  of  the  lock  at- 
tached to  tbe  dam  is  27  feet  wide,  and  has  an  available  length  of  305 
feet.  This  dam  was  built  under  the  old  system  of  creating  temporary 
floods.  The  seven  new  dams  have  navigation-passes  varying  in  width 
fi-otn  98  to  115  feet,  closed  by  Chanoine  wickets,  with  their  soles  2  feet 
below  low  water.  The  weirs,  whose  soles  are  20  inches  above  low  water, 
are  from  82  to  131  feet  in  length.  Six  of  these  weirs  have  needle-dams 
on  tbe  Poir^e  system,  and  one  has  large  Girard  shutters  11^  feet  wide, 
with  a  vertical  height  of  6J  feet. 

Five  principal  oonditionB  controlled  thedecbioo  on  tbepoaition  aud  liftof  each  dam: 

1.  The  preservation  of  eiiating  dams. 

2.  The  horizontal  plane  passing  throngh  the  tops  of  the  wickete  of  the  navigatlon- 

pMS  (whose  height  fixed  the  lift  of  the  ilum)  ahoiild  be  5  feet  nbove  the  lower  miler- 
BJU  of  the  lock  next  above,  and  tbe  same  distance  above  the  intermediate  ban,  ezoept- 
iDK  tlioao  -which  were  to  be  dredged. 

3*.  Tbe  height  of  the  natural  banks  should  be  at  least  from  16  to  20  incheB  above  the' 
level  oi  the  pool,  excepting  that  certain  parts  near  tbe  dams  were  to  be  raised. 

4.  The  space  nuder  tbe  kejstones  of  arobed  bridges,  and  nnder  the  bottom  chords  of 
tmsa-brldges,  should  be  at  least  18  feet  above  the  surface  of  the  pools,  because  the 
grestest  space  required  for  boats  is  seldom  over  16  feet. 

5.  Fioally,  a  maximum  vertical  height  of  from  9  feet  10  inches  to  10  feet  2  inches  to 
be  given  to  tbe  wickets  of  the  navigation -pass. 

On  account  of  tbe  very  small  flow  in  low-water,  the  surfaces  of  the 
pools  were  always  assumed  as  horizontal. 

When  the  project  for  movable  dams  on  the  Yonne  was  approved,  it 
was  not  thought  that  wickets  could  be  bnilt  on  the  Chanoine  system 
as  high  as  10  feet,  bat  recently  a  sluice  for  navigation  has  been  con- 
structed on  the  Seine,  through  the  Port  4 1' Anglais  Dam,  whose  wickets 
have  a  vertical  height  of  12J  feet« 
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MovaMe  damt  on  FoNne— Contiuaetl. 

'  Distauco 
I  in  miles.  I 

Total  lengtb  Tl»  onHiBii ei.as     T!ie 

.Add  Icigtb  cutoff '         7. 03     Tbe  toui  fiU'froi 

The  length  of  uuiliud  river  IhinAuxnTela 

Total  Ipngili  of  riier  In  Its                      The  lenetb  oir  i»D>)lzed  river  fnim  LonKlie  to 
natiual atite 74.31        MoDlenanto S 


From  tbe  table  tre  see — 

1.  That,  in  tbe  first  section,  Auxerre  to  Larocbe,  the  8  dams  have  lifts  rarf  inf(  from 
4  to  8  fibet,  Bod  ao  average  lift  of  t^  feet.  The  two  lockaof  the  Oargy  cnt-ott'  have 
each  a  lift  of  6  feet.  The  9  pools  between  the  mouth  of  tbe  NJTetnaisCanri  and  tbe  La 
Otavi^ie  Dam  have  lengths  varying  from  fonr-Bfths  of  a  mile  to  Itiat  miles,  with  au 
average  length  of  one  mile  ar''  "  '•""' 

2.  'niat  the  Epinean  pool  ii 
of  two  and  one-half  mifes. 

3.  That,  in  the  second  section,  from  Laroche  to  Uont«reau,  the  17  dams  have  liila 
varying  i^m  2  feet  10  inches  tu  7  feet  5  inches,  and  a  nieaa  lifl  of  &i  feet.  Tbe  two 
cut-off  loots  have  lifts  of  10  feet  8  inches  and  12  feet  9  inclies.  Tbe  16  pools  between 
tbe  Kpineaa  and  tbe  Cannes  Uanis  have  lengths  varj'ing  from  sevea-eigbtbs  of  a  mile 
to  STT  and  one- third  miles,  and  an  average  length  of  three  miles. 

4.  That  tbe  distance  of  two  miles  between  tbe  Cannes  Dam  and  tbe  Montereaa 
bridge  is  apart  of  the  first  poo)  of  tbe  Seiae,  wbich  ends  at  tbe  Varennes  Dam. 

Tbe  ffidtli  of  tbe  floor  of  tbe  n a v i gatiop -pnsoeo  of  tbe  Den  damt,  with  wickets,  ia 
from  33  to  3.1  feet,  maasarcd  in  the  direction  of  tbe  cnrrent.  Tbe  thickneea  is  at  least 
eqnal  to  the  lift  of  tbe  dam,  and  seldom  less  than  6^  feet. 

Between  Anzerre  and  Joignf  (be  body  of  the  floor  rests  directly  on  solid  rock  or 
cbalk;  tbe  masonry  was  laid  dry  iu  coffut-dams.  Between  Joigny  and  Honterean  the 
main  body  is  composed  of  a  bed  of  betoo,  poured  into  an  inclosure  of  piles  and  plank, 
Oa  this  the  floor  of  tbe  sole,  conaiBting  of  cut  and  hammered  stone,  was  placed  after  the 
water  was  removed. 

In  the  masonry  floor  anchoiB,  iron  rods,  and  cast-iron  anchoring-platea  are  imbedded, 
in  order  to  bind  solidly  to  the  masonry  tbe  wooden  sill  against  which  tbe  breeches  of 
tbe  wickets  rest. 

The  floor  of  tbe  weir  of  the  new  dams  haageuetslly  a  width  of  13feet  aod  minimnra 
tbicknesj  of  &i  feet.  It  ia  entirely  of  masonry,  or  formed  by  a  wooden  box  filled  with 
beton  ind  covered  by  a  pavement  of  heavy  stone. 

Tbe  weir  lies  between  a  mooonry  pier  10  feet  Uiick  and  30  feet  long,  wbich  separates 
it  from  tbe  pass,  and  a  masonry  abutment,  wbich  is  connected  with  tbe  bank  by  two 
-wing- walla. 

Below  moat  of  the  dams  there  is  an  apron,  formed  of  heavy  riprap  of  natnral  or 
artiUcial  stone.  At  some  of  the  dams  this  riprap  is  held  in  place  by  piles  driven  la 
qn  in  minx  order. 

Tbe  pasMS  of  tbe  twenty-two  new  dams  on  the  Yonne  are  closed  by  movable  wooden 
Cbasoine  thickets,  4  feet  wide,  with  3-inoh  intervals.  Daring  the  season  of  low-water 
tbeoe  intervals  are  covered  hy  planks  to  make  the  dam  tighter. 

It  is  well  known  that  each  wicket  is  movable  around  an  axis  forming  tbe  eap  of  tbe 
faoree,  wbich  itself  tdrns  aronnd  its  sill,  whose  jonmals  are  held  in  two  boxes  faatened 
ID  the  lower  face  of  tbe  sUl  of  tbe  pass.  Tbe  wicket,  when  upright,  is  inclined  at  an 
I  angle  of  15°  from  tbe  vertical,  and  laps  3  inches  against  the  upper  face  of  the  sill. 
Tbe  top  is  even  with  the  surface  of  tbe  pool.  The  axis  of  rotation  of  the  wicket  is  so 
placed  that  tbe  beicbt  of  the  breech  above  the  sill  is  5^  of  the  total  height,  and  con- 
sequently that  of  the  chase  is  -i^.  Tbe  cap  of  the  horse  passes  through  an  eye  in  tbe 
bead  of  a  prop,  whose  foot  in  sapporled,  when  tbe  wicket  is  np,  against  a  cast  iron 
beurter  fastened  in  the  sole  of  the  pass.  When  the  wicket  is  down  tbe  prop  is  retained 
in  a  slide,  of  which  the  benrter  is  the  head.  When  it  Is  desired  to  lower  a  wicket,  the 
foot  of  the  prop  is  tripped  by  a  corresponding  prnjection  on  the  tripping-rod,  which  ii 


d  horizontally  on  tbe  sole  by  means  of  a  wheel  and  gearing  placed  in  the  pier  or 
vail  of  tbe  lock,  for  each  pass  ia  managed  by  two  tr   "  '    —  '-    — ■-    -'  —■---> 

uctM  npon  one-half  of  tbe  wickets,  beginning  at  the  middle 
On  the  other  hand,  the  wickets,  when  down,  are  ra"    '  ' 

a  boat  fuiniahed  with  windlass  and  other  appliances. 


1  a  wall  of  tbe  lock,  for  each  pass  ia  managed  by  two  tripping-rods,  each  of  wbich 
■M  npon  one-half  of  tbe  wickets,  beginning  at  the  middle  oftbe  pass. 
On  the  other  hand,  the  wickets,  when  down,  are  raised  liy  a  boat-book,  worked  from 

,  __.,___, . ._., .. i. _  I  A.txwic 
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It  ia  qoite  evldsDt  that  tbe  tiMtlM,  the  props,  uid  the  trippiaf[-ioda  ate  of  wioo^t 
iioD  ;  the  slidei  and  the  heurtera  of  caat  iron. 

The  weiraof  tbe  liiteen  new  dftms  bettreen  Laioofae  and  Auierre  have  been,  aiace 
their  coDBtmctioD,  BopiilLed  with  aatomstio  wieketa,  with  movable  coonterpoisM. on 
the  Chanoine  plan.  Theae  wooden  wickets  are  H  feet  wide,  with  S-inch  apace*  b«- 
tween.  The  weir  can  lie  made  tighter  h;  applying  joint-covera  over  the  open  apMM 
between  the  wieketa. 

Each  weir-wieket  is  movable,  like  a  pasa-wicket,  around  a  horse,  which  carrin  a 
prop  ;  and  for  each  wicket  there  ia  a  henrter  and  alide.  M.  Chanoine  had  even  added 
tripping-roda,  which,  however,  he  did  not  regard  as  very  neceaaarv.  The  axia  of  ro'x- 
tioD  of  a  weir-wickeC  being  only  2  inches  above  the  one-third  the  height  of  the  wioktt, 
it  was  only  neceaaary  that  the  water  in  the  pool  should  rise  from  4  to  6  inches  abofc 
the  top  of  the  wicket  to  make  it  awing ;  the  movable  counter- we iebt  placed  at  Vie 
foot  of  the  breech,  which  kept  the  wicket  up  when  the  pool  was  at  Sa  ordinary  lerel, 
slipped  to  the  chase  when  the  wicket  swung.  If  the  level  of  the  pool  fell  a  oertain 
<tiatance  Che  wicket  would  swing  back,  and  the  counter- weight  would  fall  back  to  tbt 
foot  of  the  breech. 

This  ingenious  system  was  atrikiDg  in  its  aimplicitj,  and  was  accepted  at  once  altcT 
the  isolated  experiments  made  at  a  single  dam,  while  specially  pre-occnpied  in  deriv- 
ing means  for  rapidly  passing  a  flood,  without  exhanating  the  pool  above  oi  inJuriDK 
the  paaaage  of  river-craft ;  but  a  great  disappointment  was  experienced  when  thecoc- 
tinnouB  navigation  on  the  Yon ne  and  Seiue,  between  Paris  and  Laroche,  came  to  be 
tested.  An  official  order  of  May  4,  1868,  in  approving  the  proviaional  regnlatjoni 
for  the  new  method  of  navigation,  aathorized  the  eQKineers  to  pnt  in  operatiMi 
the  dnma  built  on  the  Seine  and  the  Yonne,  between  Paris  and  Laroche.  TIjb 
official  order  recommended  that  this  delicate  work  should  be  undertaken  wilt 
all  the  precautions  necessary  to  preveat  injury  to  uavigation.  The  dama  on  the 
Seine  were  raised  between  the  leth  of  May  and  the  7th  of  June.  The  first  four 
dama  ou  tbe  Yonne  were  closud  between  the  8th  and  10th  of  June,  but  the  ru* 
log  of  the  thirteen  others  was  only  finished  by  the  5th  of  September,  after  tiie 
closing  of  the  conala.  A  difficulty  iniioediat«ly  aroee  on  account  of  the  co-existence  of 
tbe  artificial  floods  of  the  Upper  Voune,  whose  waves  came  twice  a  week,  and  swnnz 
a  certain  number  of  weir-wiokets,  which  wickets,  although  called  automatic,  wonfl 
not  raise  themselves  antil  there  was  a  laU  of  3^  feet  in  the  pool  above,  tVom  which  ci^ 
oamstatiDs  navigation  was  much  hindered.  Thanks  to  the  zeal  and  activity  of  tli4 
engineers,  to  the  careful  watch  of  the  condnctora,  and  to  the  devotion  of  the  lock  ani 
dam  t«nderB,  it  was  possible  to  master  the  aituation  during  low-water.  With  boats 
and  different  expedients  devised  by  those  in  charge  of  the  navigation  sacceAS  WMoiv 
tained  in  raisins  the  wickets  with  anfflcient  rapidity,  and  the  Improvement  of  the  ner 
system  was  Sn^ly  apparent  and  conceded  by  alt.  But  in  the  month  of  Anstlflt  lliB 
waters  discharged  from  the  canals,  and  those  from  violent  storms,  iaoreased  by  tb* 
artificial  fiood-wave,  produced  diatorbancea  in  the  pools  that  extended  to  Paris.  Ix 
conacqnence  of  this  experience,  care  was  taken  to  empty  soveral  of  tbe  upper  poob 
before  the  arrival  of  the  arttScial  food-wave.  On  the  33d  of  October  a  little  rise  *( 
8  inches  from  the  Armanfon  Kiver  arrived  at  Laroche  without  being  announced,  tiA 
consequently  without  the  precautions  prescribed  for  an  artiUuJal  flood-wave  bavliK 
been  taken  below.  A  complete  derangement  resultod  at  all  the  weirs  and  in  allfb 
pools  from  Laroche  to  Paris.  Immediately  the  engineers  proposed  to  establish  sboci 
each  weir,  with  movable  wickets,  a  fuot-bridge,  which,  with  the  aid  of  a  windlass  ind 
chains,  would  permit  the  management  of  the  wicketa  and  the  regulation  of  the  leml 
of  the  pool  above ;  meanwhile  all  the  dama  were  opened,  and  the  Byat«m  of  artiRd^ 
flood-waves  was  continued  freely  as  formerly.  A  board  of  three  inspectoT-geoents  pf 
Ponts  et  Chaus6es,  charj;ed  with  an  examination,  heard  those  interested  at  Joigny,  it 
Sens,  at  Montereau,  and  at  Paris.  They  adopted  the  propoaitiona  of  the  engineer, 
which,  as  advised  by  the  General  Council  of  Punts  et  CoauaiSea,  were  approved  by  u 
official  order  of  December  8(3,  1889. 

In  consequence,  dnrine  the  two  seasons  of  liSo9  and  IfiTO  foot-bridgea  for  manenvH- 
log  were  built  above  oacli  weir  witb  ao-called  automatic  wicketa  ;  and  but  for  the  no-  f 
happy  events  at  the  close  of  I8T0,  coutinuuua  navigation  would  have  been  eatablisheit 
between  Paris  and  Laroche  by  the  month  of  September,  18T0 ;  which,  however,  cunki 
not  be  ontit  the  1st  of  September,  18TI,  a  year  later.  Each  bridge  for  maoeuverioK  n 
composed  of  wrought-irou  trestles,  like  the  trestles  of  Foir^e  dams,  movable  aroniid* 
horizontal  axis  nt  right  angles  to  the  axis  of  the  weir.  Each  trestle  ia  opposite  tlw 
middle  of  a  wicket.  These  trestles  are  connected  at  their  caps  by  two  clamp-ban 
which  fix  the  width  of  the  bridge.  Between  these  bora  is  a  wooden  flooring,  which  is 
raised  20  inches  above  the  level  of  the  pool.  The  two  clamp-bars  are  the  raila  npon 
wbiob  rolla  the  truck  that  carries  the  hoiatlng-windlaaa.  finally,  to  this  wlndla* 
reach  two  chains,  one  attached  to  tbe  bead  of  the  cbsae,  and  the  other  to  the  foot  of 
the  breech  of  each  wicket.    By  tbe  help  of  the  windlaas,  solidly  fastened  to  one  or  tn 
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.   windlan  aie  pat  in  Htore.    The  ooDDter-wei|[bt8  bave  been  reiuoved  from  tbe  weir- 
wickets  as  no  longer  required. 

This  Sj'stem  hae  eacoeeded  perfeotly.  At  niglit  each  lock-tender  is  warned  of  the 
change  in  the  water-surface  above  hie  dam  bj  an  alarm,  pat  in  motion  b;  a  float. 
Soon  all  tbe  dams  wilt  be  cooneoted  by  telegraph,  and  the  Hystem  thiu  completed  will 
prevent  aurpritea. 

In  conseqneuce  of  tlie  experience  obtained  in  1868  on  tUe  working  of 
tfae  twenty-uioe  movable  dams  between  Laroclie  and  Paris,  it  was  de- 
cided to  improve  tbe  uavigatioD  of  tbe  Yonne  between  Larocbe  and 
Auxerre,  with  passes  opened  and  closed  by  movable  wickets  and  weirs 
provided  with  foot-bridges  and  needle-dams.  An  exception  in  tbe  ar, 
rangement  of  the  weir  was  made  at  the  lle-Bni)^  Dam,  near  Auxerre- 

Which  was  provided  with  larce  ahotteiH,  llj  feet  wide,  tbe  invention  of  M.  Girard' 
These  shnttere,  movable  aroiina  a  borison^l  axis  at  the  foot,  placed  on  the  npper  oreEt 
of  the  weir,~nere  sopported  b;  props,  which  were  the  piston-rods  of  the  same  number 
of  inclined  pumps,  firmly  fastened  to  the  door.  Those  pistons  are  put  in  motion  by  the 
water  which  coiues  hy  pipes  under  water,  comninnicatin);  with  a  reservoir  snpplira  by 
a  tnrbine,  which  is  it«elf  put  in  motion  by  the  fall  at  the  dam.  Finally  the  dam  of  La 
Chatnette,  at  Anxerre,  at  the  head  of  river-navigation,  has  a  stationary  weir,  and  a 
pass  only  dosed  by  a  needle-dam. 

To  sum  up.  Of  the  2.')  movable  dams  established  on  the  Yonne  between  Auxerre  and 
Monterean  three  are  on  the  Poir^  Hystem  proper;  there  remains  but  one  on  tbe  Cha- 
□oine system  proper';  32  have pnsses  with  Chanoine  wickete,  but  the  Weil's  have  different 
systems ;  15  weirs  have  movable  wickets  with  foot-bridges  for  maneuvering,  6  have 
Deedle-dams  on  tbe  PoiriSe  ByBt«m,  and  1  only  has  large  Girard  shntters.  At  present  tbe 
working  of  all  these  dams  Is  easily  mans^^,  without  danger  to  the  atteodaut,  and 
aarprises  aie  no  longer  to  be  dreaded,  thanks  to  thefloate  with  alarms  at  each  dam,  and 
tbe  tBlegTaphic  communication  from  dam  to  dam. 

There  are  'X  locks  between  Anxerre  and  Montereau,  while  there  are  only  25  movable 
damn,  hoeausa  the  Guigy  cnt-off,  jnaC  above  the  dam  of  the  same  name,  has  'i  locks. 
Of  theHe  S6  locks  23  are  new,  and  their  ohamberg  have  a  width  of  34^  feet,  and  an 
available  length  [between  chord  of  lifl-wall  and  recess  of  lower  gate]  of  315  foot,  no  at 
to  receive  six  canal- boats  coupled  two  by  two,  and  two  rafla  coupled  together ',  S  of 
the  3  old  locks,  those  of  Epineau  and  Port  Benard,  have  chambers  27  feet  wide,  with 
an  available  length  of  594  feet ;  they  therefore  can  receive  six  canal-boats  And  two 
rsfte  one  afl«r  the  other;  a  single  lock  that  at  La  Chatnette,  has  a  chamber  '27  feet 
wide,  with  an  available  length  of  304  feet.  This  lock  receives  three  canal-boats  or  one 
raft ;  which  is  not  inconvenient,  for  reasons  given  before. 

The  three  locks  of  La  Cbaluetto,  Epioeau,  and  Port  Renord  have  the  faces  of  their 
-walla  of  cnt  and  hammered  atone ;  the  river-wall  has  a  thickness  of  8  feat  2  inches. 

Thirteen  of  tbe  15  new  luok«  below  Laroche  have  only  their  extremities  and  the  gate 
receoaee  in  niasoory  with  vertical  faces;  tbe  rest  of  the  chamber  is  bounded  by  two 
paved  marnnry  slopes  with  ib°  inclination.  [These  slopes  were  originally  made 
of  dry  stotie  reatitig  upon  beton,  but  several  accidents  aod  slides  caused  the  dry  stone 
to  be  replaced  by  masonry,  both  here  and  for  the  upper  surfaces  of  dikes.]  This  rock- 
irork,  01  scabble-atone  for  10  locks  aud  rough  for  3,  reata  on  a  mass  of  beton  or  ma- 
sonry, founded  on  solid  rock  or  sostained  by  a  line  of  piles  and  sheeting ;  the  dike 
ivbioh  forms  tbe  river-wall  of  locks  iu  tbe  river  has  a  thickness  of  10  fuet  at  the  top, 
-with  an  exterior  akipe  of  rubble  on  an  incliuation  of  three  base  to  two  perpendicular ; 
tbe  foot  of  the  exterior  slope  is  protected  by  a  line  of  piles  and  sheeting,  or  by  heavy 
atonee,  when  it  does  not  rest  on  rock.  Tbe  top  surface  of  tbe  dike  is  covered  with  ma- 
ooury.  This  dike,  which  is  of  earth,  aud  contains  a  core  C>^  feet  thick  of  puddled  clay, 
is  geuerally  water-tight.  Tbe  2  locks  of  P<!cboir  and  St.  Martin  bave  on  the  land  side 
of  their  chambers  a  slope  of  45^,  and  on  the  river  side  a  vertical  wall  of  masonry  S  feet 
thick,  with  BO  enlargement  opposite  the  lower  gate  to  contain  the  chamber  in  which 
are  placed  the  wheeu  and  pinions  which  work  I^  tripping-rod  of  tbe  press. 

Of  the  tj  new  locks  between  Auxerre  and  Laroche,  two,  those  at  Moniteau  and  Bas- 
eou,  are  on  the  same  plan  as  those  at  PAchoir  and  St.  Martin.  The  6  other  locks 
have  their  chambers  bounded  by  two  vertical  masonry  walls,  and  for  tbe  4  locka  ia  the 
river,  tbe  river  wollu  are  9  feet  thick. 

r    -izuJuCoOt^le 


Tbo  cost  of  ttio  forgoing  works  was  as  foHowa : 

The  mservoir  des  SottoHB l,aw,6rt)  15a,!5S 

Seveu  locks  and  iIbhis,  betwtten  Aaserre  und  Loivche,  at  317,000 

franca,  ($60,230) 2,219,000  *ei,«Hi 

One  dam  without  lock  betweeu  Auxerro  and  I.amche UO,  000  26,000 

Eight  lockR  ntid  darua,  Iratween  Lnroche  and  SeDs,  at  462,000 

franca,  ($B7,7H0) 3,696,000  70a,!» 

One  dam  witbont  luck  between  Laroche  and  Sena 170,000  31, 300 

Seven  locks  and  duns  between  Sena  and  Houlereau,  al  &61,000 

franoH,  (tl06,G9fi) ■ 3,937,000  746,130 

One  dam  without  look  between  Sena  aud  Mouterean 200,000  3^,000 

1S,715  meteni  (7.9  milea)  of  ivide  cut-off,  at  23d.46  fraues  ((45.30) 

per  meter 3,032.000  576,») 

Hlacellani'ons  work :  protection  of  b«uka,dre<lgiog,dBniagea,&c.  3,440,3!i8  6S3,6^ 

18,153,038    3,44e.Wi 

The  tx)tiil  length  of  the  Yonne,  in  its  natural  state,  between  Auxerre 
and  Mouteremi,  \a  74.30  miles ;  the  length  of  the  improTed  river,  meas- 
ured by  the  cut-ofTii,  is  67.28  miles ;  the  cost  per  mile  of  improved  Hm 
is,  tberefore,  $.11,2G1;  but  if  the  cost  of  the  reservoir  des  Settoos  be  de- 
ducted, the  cost  per  mile  becomes  $48,998. 

NAVIGATION  0¥  THE  UPPEB  SEINE. 

The  [Jpi)er  Seine  extends  from  Mareilly,  at  the  month  of  the  Anbe' 
t«  Paris ;  but  the  portion  between  Mareilly  and  Montereaa  is  generally 
called  the  Little  Seine,  while  that  between  Montereau  and  Pai-ia  is  the 
Upper  Seine  pro)>er. 

JDuring  low  water  the  depth  of  the  Little  Seine  varies  from  8  t«  12 
inches,  and  that  of  the  Upper  Seine  from  20  Co  2i  inches.    The  f^reatest 
flood  known  had  an  elevation  at  Paris,  above  low  water,  of  33}  feet. 
.   The  slope  of  ttie  Little  Seine  in  low  water  averages  14  inchea  per 
mile,  and  that  of  the  Upper  Seine  13  inches  per  mile. 

On  the  Little  Seine  there  is  a  continuous  navigation  between  tbe 
month  of  the  Anbe,  at  which  place  the  Upper  Seine  Canal  .enters  the 
river,  and  Nogent,  by  means  of  the  cut-off  between  Marcillj  and  Ko- 
gent  and  the  two  dama  of  Condans  and  Nogent ;  but  from  Nogent  to 
MoDterean  there  nre  only  four  dams,  which  are  used  to  give  artifleinl 
tlood-waves  as  far  as  Moiitereau.  The  navigation  of  the  Little  Seine 
is,  therefore,  not  verj' important,  but  it  is  expected  that,  before  Iodr- 
the  same  improvements  will  be  introduced  here  as  on  the  main  Upper 
Seine  and  on  the  Yonne.  Although  the  navigation  of  the  Upper  Seine, 
between  the  mouth  of  the  Yonne  and  Paris,  has  always  been  very  im- 
portant, nutil  September,  1871,  it  was  intermittent  for  three-foarths  of 
the  year  and  largely  dependent  opon  the  artificial  floods  from  the  YmiW' 
This  condition  of  affairs  has  been  ended  by  tbe  establishment  of  12 
movable  dams  between  Moutereau  aud  Paris. 

In  examining  tbe  question  of  improving  this  na%igation,  it  was  ob- 
served that  the  effect  of  an  artificial  flood-wave  was  iosafficient  after  it 
bad  traversed  a  distance  of  19  milea. 

In  1859, 3  dams,  in  accordance  with  plans  of  M.  Ghanoiue,  were  ordered 
at  Champagne,  (one  mile  below  the  mouth  of  the  Canal  du  Ix>iag,)»t 
Meinn,  and  at  Evry ;  and  in  1860,  9  others  were  ordered  at  VarenneA 
Ijft  Madeleine,  Samois,  La  Cave,  Les  Vives-Eanx,  La  Citangnette,  I* 
Condray,  Ablon,  and  Port-A-l'Anglais. — (See  the  profile  Fig.  52.) 

The  12  large  movable  doma  juat  mecitioned  were  built  between  1859  tind  1861,  aA^ 
the  aystem  of  M.  CbLknoine,  that  ia,  with  movable  wicketa  4  feet  wide  for  tbepan"^ 
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Bntomatic  wicketa  4  feet  3  iopbesnide  for  tbeweir;  tbe  intoiral  between  two  tickets- 
was  4  iocbes ;  a  siogle  dan,  tbnt  at  He'.ao,  retaiaad  for  tbe  weir  tbe  ueedle-dani  which 
was  already  trnllt  acroM  tbeTigbt  ana  of  tbe  Seine.  The  aavi^tiou-poMea,  which  are 
of  mamniy,  varj  io  width  from  13^  to  212  feet;  tbe  wooden  sdla,  solidl;  huilt  into  a 
floor  331^  feet  wide,  are  10  feet  below  tbe  level  of  the  pool  and  2  feet  below  low-water 
line.  The  new  weire  are  from  197  to  339  Itet  loog ;  their  aillB  are  30  inches  above  low 
water ;  the  floor,  13  feet  wide,  ia  formed  of  a  wooden  caaing  filled  with  b^ton,  with 
woodea  ties  on  top,  between  which  is  iuclosed  a  masonry  pavement ;  each  weir  ia  con- 
tained between  a  pier  10  feet  wide,  which  aeparat«s  it  from  tbe  pass,  and  an  abntment 
which  c«DDeet«  it  with  the  bank. 

The  locks  have  ehambera  39  feet  wide,  with  an  available  length  of  SS7  feet,  so  as  to- 
receive  at  least  twelve  caual-boatB  or  foar  rafts. 

Tbe  extremitlee  and  tbe  gaI«-r«ceMea  of  tbe  locks  are  boilt  of  masonry ;  bnt  the  re- 
vetments of  tbe  ebamben  ar«  ainiplf  of  paving  made  with  rough  stones  laid  dry,  rest- 
ing upon  a  coro  of  b<ton  placed  aniler  water  and  inchned  at  an  angle  of  iZ'^  ;  the  dike 
on  the  river  side,  whiobbaa  a  paddled  core,  is  10  feet  wide  on  top;  its  ont«r  slope  is 
revetted  with  rougb  stone  laid  dry  over  riprap.  The  Port-^l' Anglais  lock  has  masonry 
waUe  with  vertical  interior  face«.  The  milor-sill  is  plaoed  at  least  Si  feet  beluw  tbe 
snrface  of  the  pool  below,  which  is  assumed  as  horizontal. 

Tbe  upper  surfaces  of  tbe  dams  and  of  the  locks  are  at  least  16  inches  higher  tban 
tbe  snrfaoes  of  the  pools  above  them. 

Tbe  teat  made  in  1868  of  the  oontinnons  navigation,  which  has  l>een  mentioned  be- 
fore, in  connection  with  tbe  movable  dams  on  Ihe  Yanne,  bad  shown  the  nnreliability 
of  tbe  automatic  weir-wickets,  and  the  lack  of  solidity  of  tbe  revetments  of  the  lock- 
chambers,  which  had  been  made  of  rongh  stones  laid  dry.  and  often  ommbling  under 
tbe  action  of  frost.  The  offlcial  order  of  December  38,  ISfiS,  approved  of  tbe  comple- 
mentary works  which  had  been  considered  necessary,  and  which  consisted  chiefly — 

Ist.  In  lowering  tbe  lower  miter-siil  of  the  Port-Jk-I'Anglais  lock,  and  in  reoonstrnct' 
ing  the  chamber  of  this  lock. 

Sd.  In  the  establishment  of  foot'bridgea  for  manenvering,  made  with  trestles  placed 
jnst  above  all  weln,  with  Cbanoine  anlomatic  wickets. 

3d.  In  the  consolidation  of  the  paved  slopes  of  the  lock-chambers. 

4th.  In  the  eatablisbment  of  a  line  of  telegraph  between  the  dams. 

The  changes  above  mentioned  were  all  made  by  September,  1871,  hav- 
ing been  delayed  by  tbe  war  and  the  commnnist  troubles.  All  tlie  works 
are  firm  and  solid,  and  have  succeeded  perfectly. 

The  followiog  table  gives  the  principal  dimensions  of  the  dams  aad 
locks: 
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On  Mconnt  of  the  great  distance — fifteen  miles — between  the  Port-ik-rAnglals  D&m, 
wtnated  ftbove  Puis.  &nd  tbe  Snreanes  Dam,  sitaftted  below,  and  ia  conBsqnence  of  the 
fioal  abandonment  of  the  projeot  of  establiahing  a  dam  in  the  city  Itself,  the  officii 
order  of  December  3^  I960,  airect«d  the  lowering  of  the  lower  miter-aill  of  the  Port-^ 
I'ADglais  lock  and  the  reconatrnction  of  the  chamber- walla.  Consequently  a,  plan  foT 
loweriafctbe  lower miter-Mll  3^  feet,  aod  for  boandinK  the  lock-ohomberby  two  masonry 
walls  with  vertical  faees,  was  approved  Hay  IS,  1%9,  and  the  work  was  executed  in 
1369  and  1870. 

While  the  work  of  lowering  the  lower  miter-sill  of  the  lock  of  the  PoTt-&-l' Anglais  Dam 
wae  in  pTOgieaa,  navigation  was  kept  up  through  a  breach  115  feet  wide  mi^e  in  the 
weir  near  the  risbt  bank,  where  the  channpi  formerly  ran.  An  offlci^  order  of  Febm- 
ary  S5,  1870,  approved  a  project  presented  December  18,  1869,  by  the  engineers,  to  con- 
stract  in  this  breach  a  sinice  foruavigation  having  He  sill  2  feet  4  inchee  below  the  sill 
of  the  i>ass,  and  closed  by  wicket«  12  feet  2  inches  high.  The  works  were  ezecuttsd  in 
1^0,  and  were  almost  entirely  completed  a  few  days  before  the  investment  of  Paris. 
It  wa*  only  in  1871  that  the  slnioe  could  be  tried,  as  also  the  whole  work  at  Port-^ 
1' Anglais. 

This  sloice,  94  feet  Iork,  is  closed  by  36  wickets  H  feet  wide,  and  having  their  tops 

4  inchee  below  the  level  of  the  upper  poo!,  so  that  a  film  of  water  4  inches  in  depth 
flows  over  them ;  but  It  is  eaay  to  add  a  piece  of  plank  to  the  tops  of  the  wickets,  which 
now  have  a  vertical  height  above  thenillof  12  feet  finches,  and  which  would  then  have 
12  feet  6  inches.  A  foot-bridge,  supported  by  strong  wrou^ht-iron  trestles,  15  feet  8 
inches  high,  is  established  abovd,  in  order  to  baudle  the  wickets,  which  are  thrown 
down  by  means  of  a  tripping-rod. 

The  oriipnal  intention  was  to  establish  a  foot-bridge  above  the  pass  of  the  Port-it- 
I'Anglais  Dam,  which  wonid  have  had  the  advantage  of  permitting  tneitersonin  charge 
to  croei  tbe  river  on  foot  when  the  dam  was  dosed  ;  but  the  matter  was  postponed, 
and  is  now  altc^ether  abandoned,  becanse  in  tiroes  of  ice  and  break-np  it  is  essential  to 
have  the  means  of  openinn  any  part  whatever  of  the  dam  ;  for,  daring  tbe  nights  of 
tbe  Ttb  aud  Stb  of  December,  1871,  there  happened  a  sudden  and  exceptional  dej^ree  of 
cold,  (21°,)  and  tbe  dams  being  all  up,  were  encased  la  ice  before  it  was  possible  to 
open  anything  ;  but  long  before  the  ice  melted,  tbe  wickets  of  the  pass,  which  were  not 
preceded  by  trestles,  were  cleared,  and  before  the  break-up  these  wickets  were  lowered, 
which  enabled  the  cakes  of  ice  to  pass  through  without  i^juring  the  dam.  With  a 
complication  of  wickets  and  foot-bridge,  it  might  not  have  been  possible  to  have  at- 
tained tbe  same  resnlt. 

At  the  Port-ik-l'Anglais  Dam  a  trial  is  being  made  of  what  are  ealled  "  Papillon 
vaJre«,"  which,  when  placed  iu  the  ohose  of  a  wicket,  open  of  themselves  when  tiie 
water  reaches  a  given  height,  aud  easily  close  when  it  (alls  below  it.  By  using 
annmberofthase,  amnch  larger  discharge  than  is  now  possible  coald  be  accommodated 
before  it  became  necessary  to  swing  the  wickets  of  the  weir. 

Thecoet  of  the  work  on  the  Seine  has  been  as  follows  .- 

5  locks  aud  dams  between  Hontereau  and  Helnn,  at  809,283 

francs,  ($153,764) ! 4,046,416  fr.=^76a,  819 

6  locks  and  dams  between  Helun   and  Ablon,  at  864,335 

francs,  ($164, 205) 5,185,411  fr.=«ae5, 228 

1  lock  and  dam  atPort-a-l'Anglais 1,580,733  fl-.=«300, 339 

Miscellaneons,  dredging,  dikes,  engineering,  &o 2,^l,5Wtc.=^S72,8lia 

Total 14,354,060  fr.=$2, 727, 271 

Length  of  the  river,  Hoatoreaa  to  Paris,  61  mllee. 
Cost  per  mile  of  improved  river  $44,931. 

MBAN8  OP  TEACTION  AND  DDtENSlOMS  OF  EIVEECEAFT. 

Under  tbe  system  of  artificial  waves  all  down-stream  traffic  float«d 
with  the  wave,  and  np-Btream  boata  were  towed  from  Paris  to  Montereau 
by  tngs  that  palled  themselves  along  by  a  sonken  chain ;  above  Mob- 
tereaa  they  were  palled  by  horses.  Since  the  establishment  of  coutin- 
nouB  navigation  both  of  the  above  metbods  continne  in  ose,  and  steam- 
boats that  themselves  carry  freight  made  their  appearance  on  the  river. 

As  the  new  navigation  has  just  begun,  boats  do  not  yet  draw  all  the 
water  available.    The  average  load  of  a  canal-boat  is  HH)  tons,  and  the 
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maximum  load  is  200  totus,  wbile  large  river-barges  carry  from  300  to 
350  tons. 

Kafts  are  generally  300  feet  long,  16  feet  n-ide,  aud  from  one  foot  itnd 
three-quarters  to  two  feet  in  depth.  Ihey  contaia  about  120  tons  of 
timber.  Caual-boats  are  100  feet  loug  aud  16  feet  wide,  and  large  river- 
barges  are  from  115  to  130  feet  long,  and  from  23  to  26  feet  wide.  (TJie 
latter  are  almost  exactly  tilts  size  of  Ibe  coal-barges  used  od  the  Ohio.) 

«;0NCLtJS10HB. 

I'be  following  are  the  conclosioDS  of  Mr.  Cambuz^  in  refereucels 
the  adaptability  of  the  various  systems  of  movable  dams  that  bare 
been  tested  ou  the  Seine  and  Yoaue: 

To  anm  up,  in  a  aygtom  of  continaons  naviKatioD — 

1st.  When  the  life  is  amall,  not  eic«ediiiK  5  feet,  it  is  advwitkKeaaB  to  use  Poirit 
dams,  nith  foot-bridge  and  nendles  and  a  permaneat  weir,  the  fuotrbridge  beJDg  nifd 
from  10  to  18  iuchee  above  the  surfttoe  of  the  pool. 

2d.  For  lifta  front  5  to  &  feet,  dams  should  be  uaed  whose  pasaes  are  closed  hj 
Cbaaoine  wiokota,  and  whoee  vreirs  ore  Hurmoaated  b;  Puirde  trestles  and  Medlt*, 
and  irhose  foot-bridgee  are  raised  bom  10  to  13  inches  above  the  sur£kce  of  tbe  pwl. 

3d.  For  lifts  exceeding  H  feet,  large  wickets  worked  b;  the  aid  of  a  foot-bridt[e  cui 
be  safely  nsed;  but  in  order  to  gaard  against  snrprlaee  in  times  of  flood,  of  (hawi, 
aod  of  break-npe,  the  aill  of  the  pass  should  be  sutficientlf  raised  to  receive  wiokete 
muneuvcTed  by  the  aid  of  a  boat,  and  the  weir  sbonld  be  sarraooated  bf  treaties  iriih 

DB  LAOBBN^  ON  MOVABLE  DAMS. 

After  tbe  above  had  been  translated,  a  copy  of  De  Lagren^s  receai 
work,  "  Couri  de  Navigation  IntSrieure,  Fleuves  et  Bivierta,  Part*,  1873,' 
was  received  fh>ni  the  publisher,  tchich  contains  fall  informBtion  about 
the  Girard  shntters,  which  are  noticed  in  the  Annalea,  but  are  not  repre- 
sented iu  the  plates,  and  also  gives  drawings  of  several  otho*  systems. 
Being  tbe  latest  work  on  tbe  sul^eet,  it  is  believed  to  contain  a  oomplele 
-sammary  of  the  i»^gress  of  invention  in  soch  matters  up  to  the  present 
date. 

The  following  la  taken  from  this  work: 

BEAD-TRAP  OATES— (aMSRICAM   SYSIKM.) 

The  American  system,  which  I  am  abont  to  describe,  ia  defeotive  in  more  tkiB  •>■ 
respeot,  bnt  nevertbeJeBs  it  is  intereatin^to  become  acquainted  with  it,  beconse  ilkt 
probably  served  aa  tbe  starting-point  in  aseking  the  more  perfect  methodii  (Gm 
ITigurea  1,  2,  3.  The  drawinaa  of  tbia  system,  as  given  by  De  Lagren^,  ahow.  in 
addition  to  the  two  gates,  a  rb^uard  counI«r-«hutter,  whioh  is  placed  in  the  alsiM 
above  the  gates.  Aa  the  t«it  anfficiently  expiaina  tbe  poeition  uud  nae  of  this  addltiuwl 
member,  it  has  not  been  considered  necessary  to  redraw  the  ftgares,  which  were  tlkM 
from  Hagen.  The  ciiannistancea  nuder  which  the  bear-trap  gates  are  ased  an  tbt 
Mame  are  difCerent  from  tlioae  under  which  they  were  originally  used  ou  the  Lebigb. 
and  beoce  the  necessity  for  the  additional  ahntter.) 

At  tbe  dam  of  Neuville  an  Pont,  ou  the  Marne,  in  the  department  of  the  Uppc 
Marae,  there  is  a  aluiae  witb  an  opening  of  29  feet  8  inches,  which  is  provided  «itb 
American  gates. 

Tbe  system  is  composed  of  two  gates  somewhat  like  those  used  to  close  lock-chM>- 
bere,  except  that  their  aooiii-paata  are  horizontal,  and  are  placed  across  the  slaiee  in  * 
chamber  excavated  in  the  floor. 

The  diataoce  between  the  two  qnoin-poete  ia  lees  than  the  sum  of  the  width  ot  ^ 
gates,  BO  that  when  they  lie  down  tbe  op-stream  gate  reata  on  the  down-stream  aoe. 

The  Bill  of  the  floor  is  3  feet  below  luw-water,  and  9}  feet  below  the  eiirfaoa  of  d" 
upper  pool. 

ThK^nngtbof  the  gates  Is  31  feet;  they  therefore  extend  8  inchea  into  tbefaceof 
r,  and  their  motion  tnkea  place  in  a  receaa,  against  Che  eilgCB  of  whieb  each 
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Above  the  Raten  ebuiters  are  placed  which  can  tcmpotarily  cinw  tbe  sluice.  These 
cliutters  httve  their  aiis  of  nitatiun  fixed  uti  the  floor,  and  they  faJl  up  stream.  When 
the;  ore  raised  the;  are  held  nearly  vertioHl  by  two  retalaiiiK-Qliains  tnstened  to  the 
floor;  when  they  are  laid  down  Uiey  am  heldia  ahuriEODtal  position  by  sprii)K-Utches, 
which  are.  fantened  od  their  upper  anrfaces,  and  catch  of  themselves  on  a  utop-bar, 
which  ia  fixed  ttansversely  oo  the  floor.  A  slij^ht  rotation  of  this  bar  is  sufficient  to 
diseogage  the  latches,  and  thus  free  the  shutters. 

Thtise  shutters  will  at  once  be  rec(ij;niEed  us  the  ooiiuter-sh utters  of  the  TbiSnard 
ayetem,  and  their  assistanoe  is  necessary  in  order  to  start  the  American  gates,  as  I  will 
prooeed  to  explain. 

In  order  to  shut  the  slnice.  the  attend&nt  oommeDoos  by  closing  the  dowD.«lreUD 
valves  of  the  culverts  in  tlie  piers ;  he  then  opens  the  ap-stream  valves  and  disengages 
the  latohes  of  the  shatters ;  the  latter  are  immediately  brought  up  by  the  oarrent ; 
they  close  tlie  sluice  and  stop  the  flow  of  wnter  through  it;  the  lower  pool  lowers 
and  the  apper  pool  rises.  This  difference  of  level  caosee  a,  pressure  under  the  gates, 
which  filially  raises  them  until  they  meet  the  wooden  heart«rs  placed  in  the  recesses  in 
the  pen. 

The  water,  still  rising  in  the  upper  pool,  soon  flows  over  the  shutters  and  fllla  the 
apace  between  them  and  the  gates;  the  former  being  thns  relieved  from  the  pressure 
ihut  kept  them  np  yield,  partly  to  the  etfeot  of  their  dwd  weight,  and  partly  to  the 
pull  of  the  retainiug-cbaiiis,  and  fall  down  uo  (ho  floor,  where  their  latches  again  cateh 
under  thj;  stop-bur. 

The  nlaueuver  of  opening  is  still  aimplor.  It  is  limiteil  to  closing  the  up-stream 
valves  in  the  piers  and  opening  the  down-streum  ones.  The  water  under  the  gates 
loses  the  pressure  of  tbe  upi>er  pool,  and  a  portion  of  it  flown  into  the  lower  pool,  and 
the  gatea  lie  down  in  their  chamber. 

Eiperience  shows  that  the  gatee  begin  to  rise  when  the  fall  from  the  upper  to  the 
lower  end  of  the  sluice  is  at  least  two  feet.  The  time  used  in  closing  the  sluice  depends, 
therefore,  npon  the  tinie  needed  by  the  river  to  generate  thin  falL  The  maneuver  of 
opening  onl^  lasts  three  minutes,  and  the  gates  immediately  sink. 

The  American  aystem,  which  has  Jast  boon  described,  gives  rise  to  the  followinj^- 
reinarks: 

In  the  first  place,  the  gates  are  not  balsboed  around  their  axes  of  rotation  like  Des- 
tootainea'  wicket,  nor  are  they  received  by  a  water-light  cavity,  and,  even  aflwr  immer- 
sion, they  retain  cuasidemble  weight,  which  produces  adecided  motaent  of  Tesistance. 

The  calcutatioDs  which  the  author  gives  show  that  the  total  weight 
of  the  apper  gate  is  20,840  pounds,  and  ttiat  of  the  lower  or  coanter 
^te  is  i9^156  pouudt).  Tbe  width  of  the  apper  gate  is  13  feet,  and  that 
of  the  lower  gate,  measured  from  its  axis  of  rotation  to  the  axes  of  the 
friction-roilers,  at  its  apper  end,  ia  20  feet.  Wheu  the  gates  are  dowa, 
the  center  of  the  frictioa-roller  of  the  lower  gate  is  5  feeb  7  inches  from 
the  axis  of  rotation  of  the  apper  gate.  When  the  gates  are  down  tlie 
presaare  that  must  be  applied  to  the  under  surface  of  the  lower  gate  in 
order  to  start  them  is  7(19^  pouudii  p«r  running  foot,  or  35^  pounds  i>eE 
square  foot. 

Tbns  tbe  mere  weight  of  the  apparatus  requires  a  difference  of  level  of  nearly?  inches 
in  order  to  pot  the  gates  in  motion. 

Jo  tLisHysteni  there  are  other  rmiHtaiices  to  railing.  Both  the  gate  and  tbe  conn ter- 
fAta  turn  around  a  wooden  axle  31  feet  long,  which  is  held  by  eleven  collars  of  1  foot 
Ulterior  diameter.  Tliis  large  diameter  in  tbe  cause  of  cotisidernble  friction.  More- 
over, between  tbe  collars  each  axle  tnrus  io  a  hollow  cat-etone  quoin ;  consequently 
we  And  here  a  double  dilHoulty  ;  in  fact,  if  we  leave  mooh  play  between  the  axle  and 
the  boUow  qnoiu,  imitating  tbe  practice  with  lock-gates,  we  cause  considerable  leak- 
age,  and  the  loss  of  pressure  of  the  sustaining  water  may  become  too  great.     " 

other  hitud,  we 'reduce  the  play  to  fractious  of  an  inch,  the  li — ■■ ■ 

'" ^t  will  cause  friction  that  cannot  always  be  o 

li      ■       ■■■ 

Tbe  friotion  of  the  axles  is  not  tbe  only  thing  that  mnst  be  met.  There  are  besides, 
«even  rollers  at  the  upper  end  of  the  oountor-gate. 

The  lever-arm  of  ttia  lifting  force,  exercised  by  the  oaunter-gate,  under  the  g»te,  is 
very  feeble  at  the  beginning  of  the  moven    "' 

Fiually,  the  lenkage  under  each  of  the 
^ote,  must  be  considerable,  and  there  m 
water  that  put  the  apparatus  iu  niutivii. 
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I  wonld  fuctlier  remnrk  tb&t  the  lowerfnft  of  the  f[»t««  is  not  readily  done,  anlMsIhe 
angle  nbicb  in  mode  at  the  top  betireeu  the  gate  and  the  connter-gate  nben  tbtj  ue 
np  is  very  obtase,  whicli  mukefl  It  necessary  to  give  a  great  width  to  thene  inemben- 
This  great  width  increasea  the  rvsiHting  niomeats  of  4he  apparatus,  as  well  as  tbe  ku 
of  jiressure  id  the  water,  whiub  ia  tbe  motive  force. 

These  remnika  eiplaiu  why  it  has  l>eeD  thought  aecBBsary  to  oonip1et«  the  Americu 
system  by  addiug  to  it  a  provisional  closing  apparatus  by  Dieaos  of  op-Btream  shattfri. 
These  shutters  protect  tbe  gate  from  the  dynaiaio  pressure  dne  to  the  oarrent,  and,  be- 
eides,  they  generate  the  faVi  which  ia  neoesnary  to  raise  the  gates,  which,  aa  we  blTe 
seen  ia  what  precedes,  most  be  at  least  2  feet.  The  same  object  coald  hava  been  il- 
taiued  by  n  ueedle-dam,  which  woald  also  have  t>een  useful  for  other  things,  as  1  bin 
Ciplaiued  In  the  preceding  cliapt«r. 

The  American  sluice  of  La  Neuville,  considered  by  itaelf  aa  consisting  of  two  pien- 
tbe  floor,  tbe  double  system  of  closing,  and  the  dowo-Htreani  apron  of  riprap,  tan 
71,595  franca,  (113,603.) 

llie  American  dam  ia  nnw  completely  abandoned,  and  almost  entirely  forgotten  Id 
America.     (Mal^zieux  ;  Public  workH  iu  the  United  S(at«s,  p.2H0.) 

The  substance  of  what  M.  MaI6zietix  nays  is  that,  when  he  askpd 
American  engineerH  about  their  movable  dams,  they  did  not  know  what 
be  meant.  Only  the  older  ones  recollected  having  seen  on  tbe  Lehif^ 
a  movable  gate,  whose  sole  object  was  to  proilnce  artificial  waves  for 
bringing  down  timber. 

At  present  the  Lehigh  halt  only  permanent  dams  below  Manch.  Chnnk.  Above— 1j(- 
tween  Mauch  Chnnk  and  WUile  Haven— there  are  only  rninn,  which  either  sbowttis 
violoDce  of  the  floods  or  tbe  lock  of  experience  of  tbeir  bnilderai* 


After  stndying  tbe  Besfontaines  system,  M.  Cavinot  proposed  to  en- 
ileavor  to  improve  it  while  fnlfllling  tbe  following  conditioos : 

let.  To  reduce  tbe  length  of  tbe  cnunter-wicketa. 

3d.  To  lesaeu  the  loss  of  pressure  in  tbe  water  that  moves  the  apparatna  while  it  i* 
paaaing  through  the  dmma. 

3d.  To  make  the  wickets  independent,  so  that  thOM  which  are  to  be  lowered  in  order 
to  regulate  the  level  of  the  pool  may  be  chosen  at  will  throughout  tbe  length  nf  tit 
dam,  ao  that  the  cataract  may  be  divided. 

4th.  To  obtain  stability  for  the  wickets,  no  that  none  of  them  can  rise  or  fall  with- 
out the  intervention  of  the  dam-tender,  ivhatever  may  be  the  variations  in  level  sboir 
or  belovr  the  dam. 

We  will  assume  for  discuaaiou  a  height  of  dam  of  9  feet  10  inches. 

The  navigable  )>a88  is  supposed  to  be  provided  with  movable  apparatns  of  any  ajKcm 
whatever— Cbanoiue  wickets,  for  example — and  the  following  is  the  manner  in  vhicli 
tbe  inventor  proposes  to  construct  the  weir: 

The  permanent  sill  of  the  weir  ie  placed  at  3  feet  3  incbea  above  low-water. 

In  tbe  body  of  the  masonry  IhreB  large  cavities  or  longitudinal  conduits  are  pf- 
pared,  whicb  are  parallel  to  the  axis  of  the  weir,  and  are  arranged  aa  follows,  begin- 
ning on  tbe  up-stream  Hide,  (see  Plate  H  :) 

First,  a  rectangular  conduit,  4  feet  1  inch  wide,  and  6  feet  deep. 

Secondly,  a  conduit  of  a  nearly  ctrcniar  shape,  whose  bottom  Is  likewise  6  M 
below  the  permanent  sill,  and  wboee  width  at  the  level  of  the  floor  is  9  Act ' 
inches. 

Lastly,  a  third  conduit  similar  to  tbe  first.  These  three  cavities  are  separated  bj 
two  division- walls,  each  aj  feet  wide. 

The  up-stream  rectangular  conduit  is  In  constant  comraanicatioD  with  tbe  nppcr 
pDoL  The  down-Btream  one  is  ftlwaya  in  couiniuni cation  with  tbe  lower  pool.  Thw* 
two  aqueducts,  whose  tops  are  covered,  perform  parta  analogons  to  those  of  the 
upper  and  lower  conduits  iu  the  Desfontaiues  system. 

The  half  circular  conduit  is  divided  by  diaphragms  into  compartments  3  fMt  ' 
inches  long,  completely  independent  of  each  other. 

T^o  consecutive  diaphragms  support,  iu  their  middle,  tbe  axis  of  Tutatiou  of  * 
counter-wicket,  which  moves  in  tbe  dram,  and  describes  an  angle  of  130°.  Tbe 
two  arms  of  the  coo utor- wicket,  after  inclosing  the  axis  of  rotation,  are  proloDHed 
above  tbe  plate  that  covers  the  dnim,  making  a  bend  of  20°.  These  extensions  b«coQi« 
two  propa,  which  are  provide^!,  at  their  ends,  with  friction -rollers. 

The  diapbragiua  also  support  tbe  axis  of  rotation  of  the  wicket.    This  axis  isplw^ 
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further  up  alream  than  that  of  the  c 
thai  nh«u  the  nii-kut  is  duwu  it  uov 
rolleiH. 

Each  compartnieat  of  the  circular  conduit  commnDicatea  with  tbo  appcr  couduit  by 
a  hi)le  in  tbo  dividiuR-wull,  whitli  alwa.VH  reniaius  open. 

Each  ooiiipartniBnt  of  thociniiilar  uonduit  ia,  at  wil],  put  id  communication  with  the 
Inwer  coiidait  by  b  bole  in  the  dividing-wall,  and  this  hole  is  openetl  or  shut  by  meauH 
of  a  valve,  aecordiu^  to  the  Deeds  of  tbe  service. 

We  cau  now  explain  tbe  workiu);  of  tlie  apparatus.  When  tbe  counter- wicket  tarns 
aronnd  its  axis  of  rotation  under  the  iulluuDc«of  tbe  hydraulio  pressure,  tbe  props  take 
tbe  wicket  in  reverse,  and  make  it  describe  au  angle  of  7lt^.  lu  iU  last  positiuu,  and 
tbrouubout  its  ojovement,  tbo  wicket  rests  upon  the  rollers  of  tbo  props. 

If  the  new  weir  bad  no  other  arran^rBuiHutH  than  those  just  descril>eil,  its  manea- 
VBrinjt  would  not  differ  from  that  of  tliH  Desfoii  lai  ues  Weir.  Tbe  couiltiuation  by 
wbiub  the  independence  of  movement  of  tbo  wickets  cau  be  assured  is  yet  to  be  de- 
scribed. 

Let  us  suppose  tbe  dam  down,  and  let  us  imagioe  that  each  one  of  the  boles  oonneot- 
iug  with  the  lower  conduit  is  closed  by  a  wator-ti([bt  valve;  whatever  maybe  tbe 
pressure  brought  to  l)oar  ap<iu  tho  up-streiim  faces  of  the  counter- wickets,  none  of 
them  will  budge,  for  there  is  a  play  of  oue-soventh  of  an  inch  around  the  perimeter  of 
euuh,  and  conse^iueutly  there  is  an  equality  of  pressure  on  tbe  two  faces  of  each  coun- 
t«r-wickct.  As  HOOD  as  one  valve  is  opened  the  connter- wicket  of  the  compartment, 
thus  relieved  from  pressure  on  its  down-stream  side,  will  commence  moving,  and  will 
set  np  the  wicket  which  it  controls.  Tbe  valve  ouce  closed,  the  equilibrium  of  the 
prMtsure  will  be  immediately  re-established  on  the  two  faces  of  tbe  counter- wicket,  and 
the  wicket,  pressing  on  the  rollers  with  the  pressure  due  to  tbe  lift  of  the  dam,  will 
curry  back  the  connter- wicket  to  its  first  position  as  it  falls  down  itself.  In  order  to 
permit  this  movement  of  lowering,  it  is  necessary,  even  when  tbe  wicket  is  np,  that 
there  should  be  a  water  oommnuication  between  the  up  and  down  stream  faces  of  tbe 
counter- wicket.  Thus,  contrary  to  what  happens  in  tbe  Desfontaines  system,  tbe  coun- 
ter-wicket, when  the  wicket  is  up,  di>B8  not  make  a  water-tight  connection  with  its 
seat,  bnt  is  supported  on  a  certain  numlier  of  points,  so  as  to  permit  leakage  arouDd  its 
peri  meMr. 

Maoenveringwill  then  be  reduced  to  that  of  the  valves,  of  which  I  have  Just  spoken, 
and  can  easily  be  controlled  by  means  of  a  rod  with  projections,  which  is  placed 
in  tbe  lower  conduit.  By  suitably  arraoging  tbe  projeutiuna  of  this  rod,  all  the  wick- 
eta  ciui  be  lowered  in  successiou,  in  whatever  order  may  have  been  deCerniinud  in  ad- 

Tbo  rwsing  will  be  done  in  inverse  order. 

The  axis  of  rotatiou  of  each  valve  is  provided  with  a  projecting  Anger,  (Fig.  66.) 
wbuse  direction  is  parallel  to  that  of  the  valve.  This  finger,  when  pnsheil  l>y  the  pro- 
jection, nmaiuB  horizontal  while  the  projection  rests  upon  it. 

When  the  projectiou  is  ilrawn  back  by  a  movement  of  tlie  rod.  the  valva.  which  ia 
now  free,  is  swung  down  by  the  counter- weight,  which  is  fastened  to  it  for  this  object- 
It  haA  been  foreseen  that  a  caae  might  occur  in  which  this  connter- weight  would 
be  insDfficieut  h>  overcome  the  adhesion  of  tbe  ludia-mb1>er  facing  aud  to  cause  rota- 

A  count«r-finger,  likewise  fastened  to  tbe  axis  of  the  v^ve.  and  at  right  angles  t« 
the  flnger,  rect-ives  the  push  of  tbe  tripping-rod  through  a  stud,  which  tbrms  a  kind  of 
cvuutcr-projuction.  When  the  movement  baa  once  begun,  the  connter- weight  will 
always  snQice  to  swing  open  the  valve,  and  tbe  connter-hnger  will  not  be  in  the  way 
of  the  advance  of  tbe  bar  while  tbe  movement  of  lowering  the  wickets  is  in  prognuB. 

This  brief  description  already  shows  that,  by  placing  the  upper  and  lower  conduits 
outside  of  tbe  drums,  it  is  mach  easier  to  increase  their  orustt-section ;  this  is  au  im- 
portant couBideratiou  in  order  to  avoid  loss  of  pressure. 

It  cau  also  be  seen  that  the  relative  positions  of  the  wicket  and  the  counter-wioket 
lead,  asalirst  consequence,  to  tbe  pomiUility  of  a  reduction  of  tbe  length  of  the  latter. 
fii  fact,  for  a  dam  constructed  under  conditioue  similar  to  that  at  Joioville,  a  lift  of  6 
feef  7  iuehee  compels  the  adoption  of  a  counter-wicket  descending  to  H  feet  tj  inches 
below  the  permanent  crest.  In  the  BysteiDdeHcribedin  this  chapter,  tbe  counter- wicket, 
describing  an  angle  ueaiiy  double  that  described  by  the  wicket,  cati  furnish  the  same 
<|iiHotity  of  effective  work  with  a  shorter  length,  aud  the  depth  of  tbe  excavation  in 
tti»  oiAHOury  is  thus  diminished  about  'i  feet. 

The  weir  is  contained  between  two  piers  or  abutment's,  which  are  penetrated  by  the 
two  rectangular  conduits ;  they  end  in  a<[ue<lnclH,  which  pass  through  the  entire  length 
of  each  bounding  wall,  and  are  nerpendioniar  to  the  direction  of  the  dam.  Tlie^e  aqne- 
duclH  have  three  valves :  The  first,  commencing  up  stream,  1H  between  the  oiwniiig  for 
taking  water  and  the  end  of  tbe  raising- tube ;  it  is  seldom  closed,  except  dnring  floods 
of  muddy  water,  and  dnring  the  oleansing  operations,  which  will  be  descril>ed  next. 
Tli«  *ec«nd  valve  is  between  the  two  conduits,  and  ia  generally  closed.  Lastly,  the  ' 
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tbiril  valve  is  placed  below  the  empty iDg-caiidiiit,  nud  is  always  oiten,  uiicept  ii 


Ah  a  Tiile,  the  iip-Htivaui  conduit  in  1i-ft  in  conHtant  coiimiuDication  witb  the  npprr 
pool  at  Ixitli  ends,  and  the  lower  roiidnit  iu  coniriiiinioation  with  the  lower  pool. 

The  only  work  to  Ih>  douo  to  rogiilatu  the  level  of  the  pool  consists,  as  I  have  uid. 
iu  Hhiftin^  the  trippin((-rad. 

If  the  iipjwr  rectjingulor  condnit  should  receive  Bcdimentary  deposits,  it  in  oaly  !i«r»- 
sary  to  close  the  oppur  valve  of  one  of  the  pitTs  and  to  open  tlie  midillo  valve  of  lb* 
MauiK  piur.  A  very  rapid  current  will  be  fnrmt'd  iu  the  couduit,  and  will  clean  it  oix- 
A  similar  maneuver  will  ansnre  the  cleanliness  of  the  lower  conduit. 

However,  depofita,  if  thoy  should  occur,  need  not  be  dreaded,  since  tbey  will  br 
localized  in  the  two  conduits  al  a  distance  from  the  drums,  and  they  uoiild  bavr  im 
'  injnrionH  effect  npou  the  march  of  the  couuter- wickets,  except  by  slightly  dimluisbiiij; 
tbe  cross-section  of  Huiiply  or  ilischarce. 

'" ,men(.  above 


The  eHtablisbmeiit.  above  the  wickets,  of  a  line  of  treRllcs.  carryiuf;  a  foot-biid^c,  is 
led  by  eeni^rul  reasons  which  apply  t-o  all  wicket-dauiH ;  in  fact,  it  is  iiiiportaol 
the  loch-tender  an  eaNy  circulation  from  one  shore  to  the  other.     In  additi 


erating  the  current  by  nieans  of  a  screen  of  needles  placed  iu  front  of  lowered  wickpts. 
or  of  re^ruldtiug  the  inchnalion  of  the  wickets,  as  I  have  explained  in  spt-nkiriK  af  lie 
Joinville  Dam.  Iu  conclusion,  although  a  foot-bridge  above  is  not  indispensable  for 
the  Desfontaines  or  tbe  Cuvtnot  Uani,  I  think  that  there  ought  to  be  no  beeitstion 
about  DSlnbliahiug  one. 

The  »nthor  then  calculates  tbe  amount  of  tbe  forces  that  act  on  the 
diflereut  paita  of  the  apparatus,  seleetiug  the  wicket  nearest  the  pier, 
as  iu  this  system  this  should  be  the  last  wicket  raised.  Eveu  in  this 
case  there  would  be  no  difficulty  in  raisin);  the  wicket.  There  may  be 
some  trouble  with  the  friction -rollers,  bnt  the  proper  test  of  the  system 
is  to  try  it,  which,  apparently,  has  not  yet  been  done. 

He  suggests  that  the  masonry  in  the  weir  might  be  greatly  reduced 
by  omitting  the  upper  and  lower  conduits,  and  opeuiug  direct  commiini- 
cation  between  the  drama  and  the  upper  and  lower  poola.  The  ob- 
jection to  this  is  that  tbe  drums  might  be  filled  with  sediment  and 
vegetable  matter  brought  down  by  the  current. 

POm^E  VKEDUEB. 

M.  l>e  Lagren^  states  that  experiments  with  needles  having  sections 
ol  the  form  of  regular  or  semi-regular  hexagons  have  shown  that,  owing 
to  the  bending  of  the  needles  and  to  practical  difficulties  ia  placing  them 
in  the  positions  which  theory  would  indicate,  it  has  been  decided  to 
give  up  these  sections  and  to  return  to  the  square.  He  suggests  for 
trial  needles  shaped  like  aT,  which  are  to  alternate  with  square  needles. 

This  solutioD,  however,  does  not  appear  altogether  satisfactory ;  and 
he  also  proposes  for  trial  needles  whose  upper  sides  are  slightly  rouuded 
and  are  provided  with  strips  of  India-rubber,  with  the  view  of  overlapping 
adjacent  square  needles.  The  tipper  portions  of  T-needlea  and  of  those 
with  India-rubber  flaps  ought  to  be  square,  but  this  will  not  be  objection- 
able, as  the  greatest  leakage  is  nearest  tbe  sill.  He  also  suggestii  tbf 
use  of  hollow  needles  made  of  planks,  for  which  he  gives  tbe  ueces^i? 
calculations.  Such  needles  would  have  to  be  handled  by  mechaniril 
mt^us.  Two  such  needles  were  tried  in  tbe  pass  of  the  Melun  Dam,  in 
September,  IJJTIJ,  wheu  there  was  a  lall  ol  7  feet  2  iTiche«,  aud  there  nti» 
no  difHcultv  in  putting  them  in  place.  Sections  of  these  forms  are  given 
on  Plate  10,  Fig.  6^. 

The  author  thinks  that  intermediat*  supporting-bars  are  necessary  in 
high  needle-dams,  and  states  that  since  their  adoption  on  tbe  Lower 
Seine,  in  18G8,  the  breaking  of  needles  has  almost  entirely  ceased. 

M.  Cadot  suggested  that  it  might  be  advantageous  to  have  trestles 
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witb  two  storieB  of  ueedles.  He  proposed  to  fasten  pins  to  tlie  upper 
legs  of  the  trestles,  a  little  below  the  tops  of  the  lower  needles,  and  to 
place  on  them  tbe  sill  for  the  second  story  of  ueedles.  This  sill  should 
he  of  T-irou,  hooked  on  to  theas  pins,  and  should  be  put  in  place  after 
completion  of  the  lower  story  of  needles.  This  plan  would  make  two 
foot- bridges  necessary  at  different  heights,  and  it  might  happen  that 
the  removal  of  tbe  upper  story  of  needles  would  not  sufficiently  lower 
tbe  water  to  ex|>w3e  tbe  lower  foot-bridge.  That,  however,  might  be 
remedied  by  limiting  tbe  two-story  arrangement  to  a  part  of  the  dam, 
and  mnking  the  rest  of  long  needles.  If  the  removal  of  the  latter  did 
not  suffice  to  micover  the  lower  bridge,  tbe  neetlles  of  the  lower  story 
wonld  have  to  be  removed  by  a  boat.  This  plan,  although  not  jet  iu 
ase,  seems  to  promise  good  results. 


Tbe  plAn  of  dam  proposed  b;  Cb'iet  Eiirineer  Krvils  in  1603,  and  Dow  iu  ooarse  of 
I'oustmotiun  uu  tbe  Lixrer  Seinti,  at  Port  Villez,  HO^gMta  aasr  oumbiiiatAiiiE,  nhicb  I 
vill  explain  from  the  ileiicnptioa  of  thu  invent<-r  nhicli  itccouipaDied  liis  plau. 

M.  Krantz  tirnt  di>cided  oa  tbe  priDciple  tbat  every  movable  dam  aboiitd  luttisf;  the 
folio  winK  conditioDs : 

1.  It  Bbould  be  mnnenvei'ed  by  tbe  aid  of  the  nntnral  forces  of  the  naier-oouree, 
prtiperly  brought  iu  play,  aud  nitbnnt  exposing  the  utiniidiuitb  to  auy  rink. 

'i.  The  whole  apparatiiH  should  at  all  ti>iie»  be  aubjuot  to  human  coutrol. 

3.  It  shoald,  spiintaueouBlf ,  correct  the  sligbt  ohaugiw  uf  level  ia  tbe  pools,  and 
ubnnld  rarely  require  tbe  interventioD  of  man. 

4.  It  BhoDld  only  be  composed  of  sIroDK  parts,  capable  of  reflistioe  violent  ahooki. 

5.  It  eboald  only  require  fur  its  eBtablisbmoul  cooetruvtioDS  umiyar  to  tho»e  which 
are  habituallv  built  oii  our  tlvera. 

6.  It  should  be  aufflciiMitly  tisht. 

7.  It  slioald  be  applicable  to  litis  ^renter  than  those  of  the  preseot  dams. 

Then  comes  tbe  desciiption,  which  I  copy  verbatim,  allowing  the  inventor  to  speak 
for  himself: 
"  The  dam  which  we  are  abunt  to  describe  is  planned  to  sustain  a  lift  of  9  feet  10 

"  When  lowered,  it,  shunld  not  project  above  the  borizontal  plane  drttwa  S  feet  7 
inches  below  low- water. 

"  We  could  easily  have  chosen  a  different  relief,  afi  the  syntem  is  well  adapted  to  it. 
Bnt.  OD  the  one  baud,  tbe  depth  of  'i  laet  7  inchiM  in  that  of  tbe  navigable  pauses  oou- 
Htructrd  on  the  Lower  ,S''ii>e,  particularly  at  8ur<«iieB  ;  and,  on  tbe  other  band,  a  lift 
of  9  feet  10  inches  is  that  of  our  bigbeHt  neudle-ilams.  By  cbowiin)^  theiie  dimensions 
we  render  the  comparisons  which  we  intend  makintc  more  simple  and  more  conclosive. 

'■  Tbe  esneDtial  parta  of  the  dam  are :  (Plate  12,  Figures  67.  laH,  69,  TO.) 

"  1.  The  lockette,  (iclwelle,  or  little  lock,)  by  which  the  water  which  serves  to  work 
the  apparatus  in  distribnt«<l  under  tlin  proper  pressure. 

•'i.  The  dam  proper.  wbic:h  includes  the  poutou  with  the  npper  wicket,  aad  ita 
valvpB,  and  the  water. conduit. 

'*  The  lockettes  are  placed  at  the  endi  of  tbe  different  sections  of  the  data,  each  of 
which  may  have  as  (jreat  ft  length  as  SOU  feet,       , 

"  Their  number,  aui!  the  spac**  between  them,  depend  upon  local  circnmetanees,  with 
which  we  have  no  crinccru  M  present. 

"  Ah  to  the  dam,  whatever  be  its  importance,  it  is  divided  into  elements  9  feet  10  inches 
long,  which  act  Himnltanonsly  under  the  action  of  the  same  forces,  while  at  tbe  same 
time  preserving  a  mntual  iudependenci-, 

"  Tbe  lockettea  are  of  nietal,  and  n-st  upon  a  masonry  base.  They  are  hollow,  and 
commQQicaCe  witb  tbe  upper  and  lower  pools. 

"Two  sets  of  valves,  witb  vertical  axes,  placed  near  the  ends,  permit  at  will  the  in- 
tcrmption  or  The  estAblisbment  of  communication  between  tbe  central  pact  of  eack 
lockette  and  the  pools. 

"  Whence  it  follows  tbat  the  lockette  f^,  in  fact,  what  its  name  indicates— a  kind  of 
luck,  of  small  size,  in  the  rhaniber  of  which  one  can,  at  will,  by  a  suitable  movumeut 
of  the  valvcH,  maintain  either  the  level  of  the  upper  pool,  or  that  of  the  lower  pool,  or 
an  entirely  diffKrent  int«rmcHliate  level, 

"The  side  wall  of  the  lockellc  which  adjoins  the  dam  is  pierced  at  theheiKht  of  the 
conduit  by  a  reclangntar  opening,  through  which  flr.wH  the  water  destined  to  raise  he  t 
apparatus,  or  by  which  it  ewcapiNi  when  tbe  dam  is  to  be  lowered.  iO(^*^IC 


68 

"  This  open  ill);  \b  lI^Teet  lon|[aii(1^2  feet  wide,  and  baa  a  surface  of  2;{  square  rrel. 

"Tbecuudiiit  exleods  nnder  tbe  entire  length  of  tbe  dam.  It  ia  cuuDected  at  iie 
ends,  by  nieaoB  nt'tbe  ugteniug  Jiist  mvutioned,  with  the  chauiber  of  each  loekettc. 

"By  them  it  can  be  jiut  in  cuiniuUDicutiun  sonietimea  with  tbe  upi>er  pool,  Bonietimw 
with  tbe  lower  iiool.  By  tbem  it  can  ix'Ceive  water  ooniiug  from  a  level  intcnnr^ialF 
between  tbiiee  of  the  two  pwols, 

"The  opuniiiK  which  forms  the  coiutonnication  between  the  chainbera  of  the  lock- 
ettcH  aud  the  conduit  is  always  clear.    This  cotuniuniratinu  is  uevur  interrupted, 

"Tbe  conduit  is  trupezoidnl  in  form ;  its  dowu-stroani  wall  is  vertical,  aiid  stnpi ^ 
feet  T  itrbes  below  low-water;  its  up-Ktreani  wall  is  formed  by  a  part  of  a  cjllDdi-i. 
concave  down  stream,  and  deecribed  wiih  a  radius  of  14  feet;  this  wall  rises  to  It  Sci 
4  inebes  below  low- water. 

'  The  wiiltb  of  tbe  conduit  on  the  bottom  is  14  feet  9  incbes ;  ita  depth  below  lov- 
water  is  tt  feet  7  iiiuhes. 

"  Tlie  section  of  the  conduit  of  a  dam  of  tbe  importance  of  that  which  we  have  de- 
scribed IH  Vm  square  feet. 

"The  ofGceof  the  cnndnit  IB  to  distribute  in  all  parts  of  the  apparatus  the  water  of 
diOerent  presHures,  wbicb  i»  tbe  etl>;ctive  force. 

"  We  will  uow  examine  tbe  appliances  by  means  of  which  this  force  Sicts  to  work  tlii' 

"  Tbe  essential  organ  is  tbe  ponton. 

"  It  floats  in  the  conduit  atid  receives  tbe  immediate  action  of  tbe  water. 

"The  ponton  is  empty,  atiil  the  vc)lumo  of  water  which  it  displaces  constitulpfl  ao 
ascending  force  of  aucu  a  character  as  to  suppress  entirely,  or  partly,  the  weight  a!  tlir 
apparatus. 

"  Its  general  form  Is  a  rectangle  rounded  at  its  ends. 

"Itsdimr--' 


"Length,  including  borders SfeetSinchct- 

"  Width,  at  right  angles  to  dam 13  feetSiDcba. 

"Thickness 3  feet. 

"Weight,  including  iron-work U,405  lbs. 

"Volume  of  water  displaced 21,d»9lba. 

''Each  ponton,  then,  tends  to  rise  with  a  force  equal  to 31,639 lbs.  — 14,105  ilu.^ 
7,434  lbs. 

"  We  will  see  later  under  what  conditions  this  ascending  Ibrce  acts. 

"  Eacb  poutou  is  fastened  by  two  binges,  with  liorizontal  axis,  placed  a  little  Mo* 
the  upper  down-stream  angle  of  the  water-conduit. 

"  It  oscillates  around  this  asis  without  passing  the  extreme  positions,  which  vUltw 
indicated  afterward. 

"At  its  upper  up-stream  angle  tbe  ponton  has  an  aide  to  wbluh  the  upper  wick«(  i> 
fastened  and  around  which  it  turns. 

"  We  add,  that  the  ponlon  is  solidly  bnilt.of  strong  sheet-iron,  and  is  watsr-tigbl, 
and  a  niati-hole  permitsa  workman  to  deitcend  to  examine  the  riveting. 

"Besides,  there  is  another  orifico,  through  which  a  pump  can  be  iutroiliicrd  In 
remove  whatever  water  has  penetrated  tbrougb  the  Joints. 

"  When  the  dam  is  raiseil,  the  up|Htr  wicket  is  iDcliued  down  stream  at  an  ourIf  "^ 
30°  with  tbe  vertical.  It  exteuds  downward  to  5  feet  4  inches  below  the  level  of  lu" 
water,  and  upward  to  9  feet  4  iucbes  above  tbe  same  level. 

"  Its  dimensions  are  as  follows  : 

"Length  parallel  to  the  dam 9  feat  10  inrbff. 

"Vertical  height 14  feet   i  inrbt^ 

"  Height  measured  on  the  inclineof  3tP 16  feet   4uiclKt- 

"Weight,  all  told 8,515  lbs. 

"When  the  dam  is  raised  the  levelof  the  pool  is  6  iuchns,  measured  vertically,  nlwi^'' 
the  upper  crest  of  the  wicket ;  from  this  resultH  a  siiperticial  overflow  over  the  ennn 
length  of  each  wicket,  and  consequently  over  the  dam. 

As  we  have  said,  tbe  wicket  is  fasteued  at  tbe  upper  angle  of  tbe  ponton  by  loeiM 
of  hinges,  and  eacb  point  moves  in  a  plane  peipeiidicular  t<i  tbe  dam, 

"The  axis  of  rotation  is  placed  at  1  foot  4  inches  above  the  center  of  pressure  of  Ihr 
water  as  calculated  for  the  normal  lift. 

"In  tbe  upper  part  of  each  wicket  there  arc  tbree  Panillon  valves,  (Fig.  69.)  Tli«* 
Tslves  corresponding  to  tbe  shape  of  the  wicket,  are  each  3  feet  I  inch  high,  anil  ^  6^ 
wide.    Their  upper  ^ges  are  4  inches  below  tbe  top  of  the  wicket. 

"Designed  for  automatic  movement,  they  are  fixed  to  a  horizontal  axis  of  rotalinn 
placed  at  1  foot  4  inches  above  their  lower  edge. 

"They  are  checked  iu  their  movemcnl  of  rotation  by  a  chain  fastened  to  the"'"' 
itnelf,  which  does  not  permit  them,  while  openiug,  to  fall  below  a  slope  of  15°  nilbih'' 
horizon. 
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"The  retain ius-cfaain  Iim  &  coanter-veieht,  -n-boM  nee  will  be  ezplaineil  Tutther  on. 

"  Wijnill  further  a^d,  tbut  tbe  pontons  nave  wooden  borders  at  their  ends. 

"  Tliat  they  are  separated  by  d-inch  braces,  wh<ch  serve  as  the  apper  connection  of 
the  frames  and  walls  of  the  oondnit,  while  they  are  fastened  below  to  a  heavy  beam. 

"  That  the  line  which  joins  the  centers  of  two  axes  of  mtatiou  makes  an  antcle  of 
103°  with  the  plane  of  the  wicket  when  it  is  np,  and  conseqaentlv  makes  an  angle  of 
1(F  with  the  normal  to  this  plane. 

"And  that  two  stops  drmly  lastened  to  the  metal  frame-work  limit  the  play  of  the 
opparatDs. 

"  This  brief  description  enables  ns  to  take  up  the  description  of  the  movement  and 
the  ealcnlation  of  the  forces  developed  in  the  dilTerent  positiona  of  the  dam. 

"  Tbe  first  position  to  be  oonsidered  is  that  of  the  dam  down.    (Plat«  VZ,  FSg.  68.) 

"The  ponton  is  then  submerged  in  the  condnit.  Tbe  wicket  lies  horizontal,  and 
covers  it,  and  tbe  Papillon  valves  are  likewise  horizontal. 

"Tbe  river  flows  freely,  and  there  is  no  sensible  difference  of  level  above  and  below 
tbe  dam. 

'  In  this  condition  there  is  no  pressure,  and  tbe  apparatus  is  only  urged  upward  by 
the  bnoyant  effort  of  tlie  water  displaced  by  the  pontonj  likewise  its  own  weight  is 
Ilie  only  force  which  tends  to  press  it  down. 

"Then  the  volume  of  water  displaced  is  35^  cubic  feet  per  running  foot,  which  cor- 
responds  to  an  upward  preisnre  of  2.'2L4  pounds.  This  pressure  actt  at  a  distance  of 
-6  feet  11  inches  from  the  axis  of  rotation,  and  has  in  reference  to  this  axis  a  moment  of 
lb,'£A  foot-pounils. 

The  weight  of  tbe  iron-work,  wood,  and  appendages  of  the  ponton  is  1,462  iiounds, 
and  as  this  weight  acts  nt  a  distance  of  7  feet  4j  inches  from  the  axis  of  rotation,  it 
^ives  a  moment  of  10.790  foot-poauds. 

"  To  which  must  be  ad<led  tbe  portion  of  the  weight  of  the  wicket  which  rests  upon 
the  npper  hing.  It  is  V&.'i  pounds,  and  acts  at  1^  feet  5  inches  from  the  axis  of  rotation, 
Eivlng  a  moment  of  .3,420  foot-pounds.  This  added  to  that  of  the  pouton  gives  a  total 
of  14,^10  foot-pounds. 

"Thus  tbe  moment  of  the  buoyant  effort  exceeds  that  of  the  weight  by  15,2.54—14,210 
^1,044  foot-iionnds. 

"  Will  this  excess  of  force  be  suEBcient  to  overcome  all  the  passive  resistances  of  the 
machinery,  such  as  friction  on  the  axis,  and  on  the  eidee,  weight  of  the  wiiter,  i&c.  T 
We  do  not  think  so. 

"  But  if  the  ponton  should  tend  k>  rise  under  this  feeble  impulse,  a  few  pounds  of  ballast 
would  suffice  to  hold  it  in  its  place. 

■'  We  may,  therefore,  until  experirai 
liutions  of  weights,  which  have  the  ii 
very  sensitive  at  tiie  start." 

A  diS'erencc  of  level  seems  necessary  in  order  to  put  in  motioD  tlie 
apparatns  as  described.  The  questiou  ia  how  to  secure  this  wliile  tlie 
tiiiss  remains  o|>en. 

"Two  ways  of  overcoming  this  difficulty  present  themselves. 

"  In  tbe  Qrst  place,  it  is  possible  so  to  iucrruse  the  vuluine  displaced  by  the  ponton 
as  to  make  an  upward  moment  sufSciently  great  to  overcome  all  the  resistances  to 

"  But  this  would  lead  to  a  very  considerable  lowering  of  the  bottom  of  the  water 

"  Moreover,  the  ascending  force  thus  created  becomes  an  obstacle  when  the  dam  is  to 
be  let  down  or  is  to  be  ke|]t  down. 

"  Another  remedy  must  ther-fere  be  sought. 

"  It  consists  in  borrowing  the  water  neceNsarj  to  start  the  apparatus  from  a  reservoir 
established  on  tbe  bank,  which  tills  itself  from  the  upper  pool  when  the  latter  ia 
created. 

"  Thus,  water  of  a  pressure  much  greater  than  is  needed  for  getting  under  way  can 
be  obtninedat  a  nominal  cost. 

"  It  is  important  to  bear  in  mind  that  the  conduit  being  already  full  of  water,  the 
reservoir  need  only  provide  for  iilling  the  empty  space  caused  the  movement  of  the 
imnt-ons,  and  for  the  loss  of  water  throngh  the  joints. 

"Thevacnnm  left  in  moving  tbe  ponton  is  31  cubic  feet  per  ruDninK  foot,  or  6,300 
cnbic  feet  for  a  length  of  300  feet. 

"  If  an  equal  volnme  be  added  for  the  waste  throngh  thejoints,  we  see  that  a  reservoir 
of  tlie  capacity  of  13,000  cubic  feet  will  be  more  tbau  snQIcient. 

"  This  reservoir,  which  commnnicates  with  tbe  upper  pool,  ought  necessarily  to  bo 
at  leaat  10  feet  higher  than  the  lower  pool. 

"  It  will  generally  be  Riled  without  coat,  eiace  all  that  is  oeceasary  Is  to  put  the 
re.'^ervoir  in  communication  with  the  uppet  pool,  aud  to  preserve  the  water  which  will  I  , 
thns  be  stored  up,  I  '^ 
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"  From  what  precedes,  we  believe  that  we  may  cunclode  that  tbe  raisinj;  of  the  dm 
will  take  place  witlioHt  UiBlciilty." 

The  calculatiuDH  of  the  forces  acting  on  the  dam  at  different  sU^es 
are  omitteU.  They  show,  however,  that  in  low  water,  when  the  Uitter- 
ence  of  level  between  the  two  pools  is  greatest,  there  will  be  an  upward 
pressnre  of  4,363  lbs.  on  ea«h  of  the  stops  that  prevent  the  ponton  from 
rising  too  high.  This  pressure  diminishes  as  tbe  water  rises.  The^ 
stops  are  placed  at  13  feet  9  inches  from  the  axis  of  rotation.    . 

"  Wbictiover  of  these  Qgilres  [those  for  varioas  diSereaces  of  level]  is  considered,  it » 
iniposaible  to  avoid  aeuiLg  that  the;  will  uaturally  make  the  sccuiity  of  tbe  Mopy  i 
luattei  of  doubt. 

'*  It  IB  for  tliia  reosoD  that  in  the  faee  of  the  lookette  which  look:)  toward  the  daoi  la 
opeuiii){  haa  beeo  made,  which  may  bn  unmarked  at  will.  By  suitably  arrangiu);  tliii 
opeuiuK  aod  re)(iilaliu>:  the  introduction  of  water  into  the  cbaiiiher  of  the  iocketir,  a 
li«e  level  may  be  substitated  for  the  level  of  the  opper  pool,  aad  the  upward  preuMR 
ou  tbe  ponton  may  be  leBseued  as  luuvh  as  may  be  jud);ed  proper." 

It  may  readily  Iw  shown  by  calcnlation  that  when  the  conduit  is  con- 
nected with  the  lower  pool,  the  dam  will  fall,  uo  matter  what  ma;  be 
the  stage  in  the  river. 

"  In  what  precedes  we  have  itup[>o»ed  that  the  upper  wicket,  ns  it  risen,  will  turn  «t 
ilsplf  on  i1r<  axix,  reHt.iiig  afjHiUHt  tbe  miilahly-roiindcd  ed^e  of  the  metallic  ftauic, 

"  Bnt  it  is  impurtaut  to  examine  into  the  conditions  under  which  tbe  niovemetil  can 
be  couipleteil. 

"At  the  start,  and  before  tbe  eHlablishment  of  back-water,  the  only  force  oppnwil  lo 
tbe  turning  of  tbe  wicket  is  the  friction  of  its  gudj^eous  in  their  boxes.  This  rni'tii'H, 
which  amonuts  to  about  1^  per  cent,  of  the  pressure,  acta  at  tbe  extremity  of  a  lent- 
arm  of  3j  inchcH,  and  cannot  anccesafully  resist  tbe  weight  of  the  wicket,  which  ui^ 
at  the  end  of  a  lever-arm  of  16  iucbus. 

"  The  wicket,  therefore,  will  at  once  bpgin  to  spring.  But,  as  it  rises,  the  obslule 
which  it  opposes  to  tbe  flow  of  the  water  will  increiise,  back-water  will  form  above 
and  by  new  pressure  will  give  rise  to  new  elements  of  resistance. 

"  On  the  utber  bond,  the  lever-ann  of  the  resnltaut  of  the  weights  will  dlmioisti  in 
conaeijueuce  ot  the  increasing  inclination  of  the  wieket  to  tbe  horiiioD.  Tlienu, 
therefore,  reason  for  dreading  lest  between  these  two  gronps  of  forcrs,  one  oppoiird  l" 
swinging  and  increasing  in  aumunt,  and  the  other  acting  in  tbe  oppoHite  direction,  bul 
decreasing,  a  momentary  eiiuilibtium  itbuuld  be  estubliahed,  whei^ce  might  ensue  i 
stoppage  of  tbe  movement. 

''The  moat  critical  moment  ia  evidently  when  the  upper  edge  of  the  wicket,  afi" 
reaching  tbe  level  of  the  lower  pool,  cuiuineuc«a  to  rise  ont  of  tbe  water.  Until  Ibf* 
the  preasnre  acts  uniformly  on  tbe  upper  surface  of  tbe  wicket.  When  the  wickel  ti<~ 
gins  to  emerge,  its  upper  part  is  relatively  lightened." 

CalcDiations  show  that  when  the  back-water  above  reaches  a  height 
of  about  4  inches,  the  wicket  will  no  longer  have  a  tendency  to  turu. 

"  If,  then,  there  were  no  c>tlier  means  of  throwing  the  center  of  pressure  beloT  ibf 
axis  of  rotation,  the  movement  of  the  wicket  would  not  continue,  unless,  by  riiu  fl'li' 
tion  of  suitable  weights,  tbe  aupeiiority  were  assured  of  the  momenta  of  the  loitrt 
that  act  to  revolve  the  wieket  over  the  resiating  moments. 

"  But  the  play  of  the  Papillou  valves  comi-B  in,  and  this  valuable  organ  aitonliH^ 
onsly  canaes  the  diaplocemeut  of  the  centers  of  pressure.         ^ 

''  In  fact,  the  Paj>illon  valves,  which,  like  othent,  are  uniformly  loaded  on  tbe  npF' 
faces,  swing  open,  and  practically  leesen  by  3  feet  1^  inches  the  length  of  the  vtikcl 
above  the  axis,  which  ia  under  pressure  from  the  upper  pool. 

"  8y  this  means  tbeoeiiter  of  pn  ssnre  is  suddenly  thrown  below  the  axis  of  rotit>"i!' 
and  the  moment  of  these  pressures,  acting  in  the  same  directiou  ue  the  weight,  sd-t'i^- 
rates  instead  of  retardin);  the  swinging  movement." 

From  calcnlalinns  which  we  omit,  tbe  inventor  conclndes,  "  that  tbe  Papillou  vtb'i^ 
will  Hwing  of  themaelves,  before  tbe  level  of  the  watts  held  back  ia  raieed  od«  fi>>' '" 
vertical  height  above  tbe  upper  edge  of  the  wicket. 

"  In  order  to  make  snre  that  the  valves  will  close,  it  ia  better  to  introiliice  ■  ne*  f'>^' 
ment  of  action,  only  it  ia  neceaaary  that  the  weighty  from  which  the  additional  fwiw 
ia  obtained,  abould  be  ho  placed  thai,  while  aiding  the  valve  to  shnC,  it  may  not  iiu-\<'S 
it  from  awiiiging  open.  Tbia  result  is  easily  obtained  by  fastening  a  ball  tu  the  b^i 
link  of  the  holding  chain.    When  tbe  valve  is  shut  it  is  supported  by  tbe  ring  to  Kbit'' 
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(he  retauiiiig  cbaJD  is  fastened.  When  the  valve  U  awuiiff  open  it  pulls  npon  ica  ap- 
strenm  end,  generating  a  moment  of  1.3  foot-pounilB  for  each  ponnd  of  tveight. 

■"It  is  therefore  practicable,  b;  the  aid  of  this  very  simple  arrangemeut,  or  by  the 
aid  of  a  spring,  to  facilitate  the  return  of  the  valve,  and  to  make  it  as  sensitive  in  cloa- 
JDg  as  in  opening. 

"Experience  will  very  soon  show  the  amount  of  additional  weight  to  be  used  for 
this  purpose. 

"  But  we  may  conclndfi  from  what  prer.edes  (hat  the  valves  may  easily  be  arranged 
eo  as  to  swing  whpn  the  level  of  the  water  riHta  to  one  foot  above  the  top  of  the 
wicket,  and  to  close  whou  the  watBr  in  pvho  with  the  top. 

"E^trept  in  case  of  a  ftood,  the  level  of  the  pool  will  then  oscillate  aronnd  a  meaa 
position  of  6  inches  above  the  top  of  the  wicket,  and  will  not  vary  more  than  6  inches 
iu  cither  direction. 

"  In  what  precedes  we  have  investigated  the  movement  of  the  whole  dam,  then  tbat 
of  the  wickets,  and  lastly  that  of  the  valves,  calculating  for  each  the  forces  generated, 
aud  deducting  from  theee  calealatious  the  practical  means  of  providing  for  the  proper 
working  of  the  machinery  nnder  the  aniiiiued  conditions. 

"  It  appears  to  ns,  from  this  diHcuseion,  that  the  moveable  dam  which  we  have  de- 
scribed ought  to  work  satisfactorily,  making  due  allowance  for  the  alight  changes 
which  experience  will  indicate. 

"  It  only  remains  to  examine  into  what  will  happen  in  parlicDlar  cases. 

"As  a  rule  the  wicket  nhould  only  move  when  started  hy  ujan's  interveution.  The 
valves  alone  ought  to  suGBce  for  maiutaiuing  antomatically  the  level  of  the  pool,  whea 
the  oeoilUtions  are  not  too  great. 

"  If,  then,  a  rise  of  any  importance  ahonld  occur,  the  dam  should  be  worked  Id  time 
to  pass  Ihe  wave,  by  totally  or  partially  obliterating  the  relief  of  the  works." 

Tbe  inventor  concludes  that  if  a  sudden  rise  should  come  at  night,  of 
C  leet,  for  example,  the  wicket  will  spring  spontaneoualy,  and  no  iuju< 
riona  effects  will  accrue.  The  same  thing  will  happen  if  tbe  wickets  are 
struck  by  heavy  floating  bodies,  but  they  will  rise  again  after  these 
bodies  have  passed  by. 

"  Before  closing  this  chapter  we  ought  to  call  attention  to  a  very  valnable  property 
of  oar  dam,  its  power  of  maintaining  iteell'  in  any  posttion  intecmediate  between  the 
extreme  ones  of  beine  entirely  Taised  or  entirely  lowered. 

"  111  fact,  by  following  closely  the  description  of  the  movement  of  raising,  it  will  be 
seen  that  the  pont^in  can  only  rise  in  proportion  as  the  conduit  is  tilled. 

"  If,  then,  by  a  suitable  play  of  the  valves  the  introduction  of  water  is  limited  to 
what  is  strictly  necessary  to  replace  losses  by  leakage,  the  level  in  the  conduit  ceases  to 
rise,  and  the  upward  (ravel  of  the  pontons,  and  that  of  the  wjcltets  also,  is  arrested. 
The  wickets  will  then  remain  stationary,  oscillating  feebly  around  the  mean  position 
where  we  may  choose  to  hold  them. 

"It  is  equally  practicable,  in  the  opposite  case,  to  limit  the  discharge  to  what  is  neces- 
sary to  pass  the  water  that  enters  through  the  Joiuts  of  tbe  apparatus,  and  when  that 
is  done  tlie  ponton  will  cease  to  descend. 

"It  follows  from  this  that  it  is  praciicable  to  give  tbedam  snchan  to  termed  i  ate  posi- 
tion as  may  lie  thought  suitable  to  the  state  of  the  river. 

"  In  order  (o  secnre  dtliiiite  ideas  and  to  snbstitute  figures  for  general  formtilns,  we 
decided  to  assume  snch  eonditious  as  would  make  it  possible  to  get  the  exact  compar- 
isons of  cost  which  we  desired. 

"  It  is  for  these  reasons  tbut  in  what  precedes  we  have  assanied  that  the  dam  creates 
a  lif^  uf  9  feet  10  luches,  and  has  an  open  pans  of  'i  feet  7  inches. 

"  Itiit  theae  tlimeusious  are  not  essential,  and  otiiers  contd  ea'tily  have  been  taken. 

"  If  tbe  fall  and  the  pass  are  diminished,  we  obtain  a  smaller  dam,  and  no  ditticulty 
Would  arise  that  could  throw  any  doubt  on  tbe  good  working  uf  the  reduceil  apparatus. 

'*  It  might,  honevcr,  be  askul  whether,  bearing  iu  mind  its  uecessarily  high  cost,  it 
wilt  be  a  useful  expenditure  fur  small  lifts.    This  is  doubtful. 

"  But  it  is  equally  applicable  to  still  higher  lifts,  and  how  much  may  tbe  lift  be  ia- 
creaKed  I    This  is  what  it  Is  im|Hirlalit  to  examine. 

■■  The  pressure  of  water  and  the  weight  of  inaehinnry  increase  rapidly  with  the  lift, 
bnt  the  counter- pressure  and  the  couuter-weighid  increase  yet  more  rapidly;  wheuco 
it  follows  that  the  river  always  furnishes  ns  mure  auxiliary  than  ailveise  furres,  and 
that  in  this  contest,  in  which  we  limit  ourselves  to  taking  command  and  providing  the 
(ield  of  balllu,  victory  oaght  definitely  to  remain  with  us  as  long  as  any  contest  ia 
|)os..<ible.  Auil  tbe  contest  will  only  cease  to  be  po'sible  when  tlie  niagiiitnile  of  the 
forces  developed  becomes  sneb  thai  we  oau  no  lunger  transmit  thein  by  our  muuhlneiyi 

"  It  IB,  then,  certain,  thanks  to  the  prngre.<s  made  in  Tuetnlllccuiistnictious,  that  this 
transmission  is  poasible,  withiu  very  exteuded  limits,  and  that  dams  of  13,  16,  20,  and 


S3  feet  of  lift  would  not,  Mfar  as  conoeras  coDatractioD,  give  riae  to  anj- iusolable  difi- 
ciilty. 

"ThisiKeyidpntMrpKarils  the  valve,  tbe  ponton,  the  lockfittP,  and  oqually  soastotbt 
joornalH,  which  will  not  have  to  support  loads  at  all  comparablu  to  theme  borne  liy  the 
journals  of  latRe  hydraulic  wbpels.  In  short  it  will  be  uo  more  diHlciilt  to  paaa  from* 
dam  of  lO-fiMJt  lift  to  one  of  ao  foot,  tlian  it  was  to  pass  from  Bttam-pngin«  of  3iM 
hone-povrer  to  those  ot  600." 

M.  de  LngreD^  adds  that  be  wonld  bnre  liked  to  bave  made  some  ad- 
ditional cHlculationa  upoa  the  forces  develeped  in  dittVrent  positions  of 
the  Krautz  Dam,  but  that  be  thought  it  better  to  wait  antil  the  Port 
Viliez  Dam  could  be  tested,  and  therefore  be  eouteuts  himself  witk 
reprodaciug  the  iuventor'a  description. 

DAM   WITH   HINGED   GATES — CAKRO   SYSTEM, 

M.  Carro.  nn  enrineer  coDDectcd  with  the  Mania  Davifcatioii.  has  proiioaud  a  eysti^m 
of  ilouia  which,  like  the  preceding  hytitem,  obtains  ita  uiutive-furce  troui  the  waler- 
coiirse  on  which  it  is  bnilt,  but  wliieh,  aeconling  u>  the  iuvuntor,  may  be  applinl  to 
lifts  for  which  the  DesfontainuH  ayHteui  will  not  auHwer.  The  now  apiHU'atils  uppeur- 
to  have  thu  additional  advautaffe  of  aorviiif;  ua  a  n-guUitor,  oa  it  will  lower  ittivlf  little 
by  little  as  the  diacharf[e  of  the  river  iucreuitt^ 

Tlie  followinp;  iti  the  di>Bcripliou  givou  hv  M.  Cairo  in  a  pamphlet  pnhliHlied  in  l^C : 

"Tlie  apiiarotnH  which  we  propuae,  (I'lato  i;i,  FIkb.  71,  7-2,  73.)  when  reduced  luiu 
eimpleat  form,  Gouipriaea  two  g«t«s,  which  are  couucctctl  on  top  by  hinges,  and  rent  ou 
woollen  axles  ti^rminatcd  by  jtinmala  provided  with  rollt^rs.  The  gates  roll  upou  rails 
planed  parallel  to  the  thread  of  the  atream. 

"  LinkB  fastened  to  the  lower  Rate,  below  the  middle,  are  alnu  faatenud  by  a  mcouiI 
articulation  to  fixed  points  diatribnted  along  a  right  line  pnralkd  to  the  cnwt  uf  tli« 
dam,  and  at  right  angles  to  the  curreuL  Adepreiuiun  or  chamber,  from  I  foot  if  incitet 
to  2  feet  in  depth,  ia  prepared  under  the  gates. 

"  When  the  latter  are  raiaud  so  as  to  form  a  dam  they  have  the  appearancp  of  »n 
iimBOpleB  triangle,  (Fig.  71,)  whose  apei  is  the  crest  of  the  weir.  In  order  to  rewon' 
the  obstacle  whicli  tlley  pruwent  to  the  currunt  they  are  made  to  slide,  or  rather  in  roll 
in  opposite  directions,  until  tbo;  lie  dowu  flat  on  the  aotc,  and  only  uiaLie,  as  it  vere. 
a  flooring  to  cover  it.  The  two  gates  may  therefore  be  considered  as  a  siugleoue, 
Jointed  at  a  fracture  in  the  middle,  which  worlds  under  the  pressure  of  the  water  irhea 
the  dam  is  maneuvered, 

"  If  we  consider  the  gates  Jo  the  position  last  examined,  and  suppose  that  by  aspeciil 
arraogeuieiit  of  valves,  of  which  we  will  speak  further  on,  we  put  the  chamtxT  wtlicli 
they  cover  in  commiinicatioD  with  the  upper  pool,  the  water  introduced  will  tien'iM. 
hy  virtue  of  the  ilifTereuce  of  level  al>ove  aud  below  the  dam,  an  under  ilresnurc  Teiiie- 
sented  hy  this  difierence  of  level,  or,  more  exactly,  by  the  living  force  ot^the  cun'^at, 

"The  upper  gate  will  have  its  lower  surface  at  least  as  much  pressed  asitsiinpeion^. 
As  to  the  lower  gate,  it  will  uecessarily  receive  an  under  presnnre,  which  will  coni|>': 
it  to  rise,  BO  that,  while  the  links  turn  around  the  joints  at  their  extremiriea,  the  partly 
ronnded  axle  of  this  gate  will  move  on  a  level  with  the  horizontal  plane  of  Ihewli'. 
The  rotation  will  continue  until  there  is  an  equilibrium  between  the  water-prpaKuni 
pushing  the  gate,  and  the  reaction  of  the  llnki,  ami  of  the  rails  on  which  the  rolltn 
travel,  with  which  the  ends  of  this  axle  are  pruvided. 

"  To  accomplish  the  inverse  opi-ration,  it  is  only  necessary  to  interrupt  the  coinintiDi' 
cation  of  the  gate-chamber  with  the  upper  pool  and  to  connect  it  witli  the  lower  oiiir. 
The  water  contained  in  this  apace,  which  ia  higher  than  the  level  of  the  lower  pool 
will  flow  oil';  ttie  under  pressure  ou  tbu  lower  gate  will  disappear,  whilst  on  the  olbrr 
liaud  the  e[)uilil>rinm  on  the  upper  gate  will  be  destroyed,  the  moment  of  the  grPsUT 
force  will  throw  the  latter  down  on  the  floor,  and  in  its  movement  it  will  dragiloou 
itH  dowu-Htream  partner,  making  it  roll  on  the  iron  track.  Such  in  the  principle  of  llu 
pmiHMed  niaebiuory,  on  the  sulgeet  of  which  we  will  now  enter  into  detail. 

"  riie  precrding  description  shows  that  the  upper  gate  opposes  uo  resistuuoe  to  ibr 
raising  of  the  apparatus,  since  it  lain  equilibrium,  it'  not  even  under  a  slight  liftini! 
preasure,  due  to  the  slope  of  the  water  between  the  head  of  the  supply-aiiuediu't  vi 

the  orifice  hy  which  it  '     --■'    •' -   -' ■--"     -i-.-l-h   i^    . ;• 

"Thin  demonstration  n 
menta.") 

"It  must  likewise  he  remarked  that  wheu  the  appnratua 
the  upper  gate  only  plays  a  passive  part,  and  Ita  iuftueuce  ii 
of  the  partial  or  complete  lowering  of  the  Hyatem, 

'■  If  we  hu^jpose  ilie  apparatiia  eutirely  down  ou  the  aole,  then  the  upper  gate  oppoati 


I  be  spontaneoi 
action  of  the  c 
of  itA  loDgtta. 

"  Tbia  position  of  tfae  axis  in  the  middle  of  the  gate  esplaiDB  how  the  latter  riaee 
when  it  IB  under  the  inflneuce  of  the  nnder  pressure. 

"  In  fact  let  C  (Fig.  74,  Plate  IS)  be  tlje  poaition  of  the  cent«r  of  nnder  pressure  on 
the  lower  gate,  Ming  at  its  middle  when  the  latter  ie  completely  immersed.  If  this 
]>oiut  C  in  on  tbe  np-stream  aide  of  the  Joint  D  of  the  link,  the  force  of  under  pressure 
K  will  be  decomposed  into  two  other  parallel  but  oppoainf;  forces  P  aud  Q  respectively, 
applied  M  the  points  D  and  B.  The  force  P  will  determine  the  rotation  of  the  link 
around  the  point  K,  while  tbe  force  Q  preasing  the  lower  end  of  the  gate  on  its  rail- 
road, will  compel  it  to  rise. 

"  We  have  therefore  chosen  for  the  point  of  attachment  of  the  links  a  point  whose 
position  is  always  on  the  down-stream  side  of  that  taken  by  the  center  of  the  under 
pn-MSure  in  the  different  phases  of  the  ascending  movement  of  the  gates.  By  aoppoe- 
ing  tbe  chamber  couatantly  full  of  water  under  tbe  presAiire  from  above,  we  know  that 
the  point  of  application  of  the  under  pressure  alwaya  Ilea  between  the  third  and  tbe 
niiildle  of  the  lower  gate,  the  firat  position  corresponding  to  the  extreme  case  where 
there  is  no  counter-pressure  of  water,  aud  the  aecond  to  that  in  which  this  gate  is  com- 
pletely Biibmerged  below  the  level  of  the  lower  pool.  If,  then,  we  place  the  joijit  D  of 
rbt;  linb  at  one-third  of  the  gate  ftooi  its  foot,  we  will  be  anru  that  the  center  of  under 
pressure  will  always  be  above  tbia  axis,  and  that  it  will  only  coiuciile  with  it  in  the 
oust;  when  the  aole  below  is  uncovered. 

"  Tbe  lust- nieiitioned  position  in  ibe  one  which  must  be  chosen  for  a  weir  whose  per- 
iitanetit  part  will  not  always  be  Hubmerged  by  the  water  of  the  lower  pool. 

"  III  a  iiuvigablc  pass,  where  ia  always  a  couiiter-preHsure,  there  ia  no  inconvenience 
in  placing  the  ]>oiiic  of  at  tiich  meiit  of  tbe  link  oven  at  tbe  center  of  the  under  preaeure, 
uUvnys  keeping  in  mind  ihe  counter- prvHSure  of  tbe  water  lielow. 

'■  III  the  inacliiiiery  iu  qncstiou,  tbe  pnissure  ia  reduced  to  an  effort  of  extension, 
whicb  ia  met  by  ties  or  linka,  whose  number  may  be  multiplied  at  discretion,  but  two 
will  evidently  suffice  for  each  lower  gate. 

"  Ttieae  linka  tnay  be  attached  to  a  sill  fixed  on  the  sole,  whose  tendency  to  be  raised 
or  torn  out  cnu  easily  be  counteracted. 

"To  aceomplisb  the  same  obji'ct  we  might  have  recourse  to  iron  xaila  extending 
ncroHs  the  gate-chambers,  and  resjating  (be  pull  of  the  links  by  utilizing  the  weights 
i)f  the  masonry  of  the  aide-walls,  which  by  this  meaus  are  solidly  coiiuecled.  This 
necoiul  arrangement  ia  the  one  shown  ou  Plate  1:1. 

•■  When  the  two  twin  gates  lie  on  the  sole  it  is  evident  that  however  small  be  the 
play  left  iMttween  the  up|wr  one  and  the  surfcce  of  the  paving,  the  current  may  pene- 
iriite  within  and  raiae  it.  It  would  not  then  be  practicable  to  keep  it  under  water  if 
this  tendency  were  not  met  by  a  specal  arrangement. 

■'  This  tendency  to  rise  may  be  overcome  by  replacing  the  ordinary  rails  by  double-T 
irnns,  forming  channels  in  which  the  Journate  at  the  end  of  the  axles  can  slide. 

■'  H'lwever,  we  have  chosen  another  moaiia.  which  oR'era  na  more  security  against 
the  introduction  of  sand  under  tbe  gate,  which  may,  in  certain  cases,  paralyze  tbe 

"  III  the  arrangement  finally  adopted  the  upper  gate  Is  composed  of  a  sqnare  frntue, 
wbii'b  is  only  partly  covered,  all  the  lower  part  being  left  open.  A  thin!  gate,  which 
we  will  cull  tile  scieen,  is  placed  above,  which  is  fastened  by  binges  to  a  sill  lixed  on 
the  sole.  This  screen  falls  down  stream,  c<»-ering  tbe  empty  space  left  in  the  lower 
part  of  the  upper  gate ;  rollers  on  its  np|Kr  cross-piece  facilitate  the  sliding  on  this 
upper  gate,  and  the  latter  raises  the  screeu  as  it  comes  np  in  the  upward  movement  of 
thi*  crest  of  the  dam. 

"The  introduction  of  this  new  organ  does  not  at  all  change  the  working  of  the  appa- 
ratus. The  water,  which  jienetrates  with  its  living  force  iulo  tbe  giite- chamber, 
exercises  a  pressure  on  the  lower  gate,  which  it  comiiels  to  move,  whilst  the  upper 
gate  and  its  screen  find  themselves  in  a  manner  ineloned  Iu  still  water,  being  pressed 
f<|iially  on  their  two  faces,  and  consetiueutly  opposing  no  resistance  to  the  movement 
derivea  from  the  lower  (fate. 

"  A  dam,  or  a  alniee,  is  provideil  with  a  series  of  couples  of  twin  gates  like  those 
vrbicb  we  have  briefly  described. 

"  All  the  lower  gates,  which  fonn  one  part  of  tbe  movable  apparatus  of  the  dam,  are 
Bininltaneoosly  subjected  to  the  intliieiice  of  the  same  under-iiressuve.  It  neverlhelesB. 
mitT  Iiappen  that  the  fliction  of  a  binge,  resulting  from  itisuracieut  play  in  the  articu- 
lacion,  may  make  a  couple  of  gates  a  little  more  sluggish  In  moving  than  others ;  or, 
it  ni*y  eveQ  be  granted  that  the  Interior  current,  which  is  created  at  the  moment 
tbe  Biipply-Talves  are  opeued,  will  not  make  tbe  uudor-pressiiie  iustautaneously  uni- 
form ouder  all  the  pairs  of  gates,  and  that  they  might  have  a  tendency  to  rise  buccbs- 
Bively. 

"  If  these  paira  of  twin  gates  were  independent  of  each  other,  the  beginning  pE^briilp 
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risinf:  andet  tbo  b.vdranlic  pT«>«are  nilfchl  powlbly  not  ha  simaltaiieoas  (bniDglioiit 
tlie  lenj;lb  of  tbe  dam ;  tbere  would  be  reaHon  to  feiir  tbitt  niio  of  tbom  ia  rising  vuald 
Hepftrale  from  the  DHigbboriiiK  pair,  ad  opening  wonlil  thou  be  formed  between  the 
two,  whicb  wonld  allow  tbe  incloHed  wnt«r  to  encape.  and  by  d^ttruyinf;  tbe  undw 
preBHiire  would  caniie  tbe  maneuver  to  fail.  But  it  iMeasy  topreveut  Uiialackof  coimii- 
denra  in  tbe  dilTerent  pbMeH  of  the  movement. 

"  The  eonditiona  of  equilibrium  audec  which  tbe  ^Btes  are  placed  are,  u  we  tun 
Bsid,  Heusibly  tbe  same,  aud  in  practice  can  differ  but  sliKliIly.  If,  then,  we  suppote 
that  we  connect  by  transverae  beams  tbe  )(ateH  that  fall  tbe  same  way,  they  will  be 
BtiBened,  ami  will  simultaneouBly  obey  tbe  forces  which  tend  to  move  them. 

"  Is  there  any  danger  that  the  axle  of  the  two  bingee  wbioh  ooauect  on  top  the  upper 
and  lower  ^tee  of  the  proposed  Hyatem  might  not  be  perfectly  rectilinear,  and  that  in 
consequence  passive  resistance  might  renult  of  aiich  a  character  as  to  interfere  wilb 
Diaoeuveriiig  t  We  have  taken  the  precaution  to  give  to  these  hinges  a  single iil' 
of  rotation,  so  that  each  pair  of  gales,  considered  separately,  oaanot  give  rise  lo 
such  an  apprehensinn. 

"As  to  thestraightnessof  the  line  formed  by  tlte  series  of  independent  axles,  therr  is 
DO  reason  to  expect  that  it  can  become  so  crooked  as  to  preTent  tbe  simultaoMius 
movement  of  the  shutters.  Tbe  transverse  beam  which  keeps  them  stiff  is  fastened  b; 
bolte  iu  the  spaces  which  separate  the  Deighb'>ring  pairs.  A  certiiin  amoaut  of  plar 
result^,'  whicb  permits  these  gates  to  have  a  alight  transverse  displaoenient,  itnalogna't 
to  that  of  a  car  id  the  space  between  the  rails  of  the  road  on  which  it  travels. 

"  In  wldilion,  we  can  attain  the  aame  end  by  suppressing  (he  'xansverse  bi-am.  irhii'ti 
binds  together  tbo  different  couples  of  a  bay,  and  giving  a  single  axle  of  rotation  M 
the  upper  juinlfl  of  all  the  links,  thus  securing  the  same  rigidity. 

"  Tlie  play  left  between  tbe  gates  of  two  adjoining  pairs  may  be  as  limited  as  possi- 
ble, and  tbe  direction  given  by  the  rails  to  the  movement  of  these  gates  reduces  if 
■.^■.-  .. i-...:.._      Uovrever,   it  is  worth   while  to  remark  tbat  the  vaciui 


"Two  water-condnits  at  tbe  ends  of  the  weir,  or  of  the  pass,  are  unnecessary,  u  > 
MOgieone  will  nndonbtedly  sufflce  for  tbe  working  of  tbe  macbioery.  Tiiu  sBwriUirao 
would  probably  only  be  i  ml ispen sable  where  tbe  river  to  be  canalized  had  aonHidursltiv 
width,  which  would  cause  a  loiiger  length  of  weir  than  is  usual.  However,  if  wetiu 
avoid  making  asecond  conduit,  we  think  that  it  would  be  well  to  reserve  in  tbe  M! 
of  the  opposite  bounding- wall  an  emptying-conduit,  in  order  to  have  the  means  of  cre- 
ating in  the  chamber  tbe  scour  of  water  necessary  for  cleansing  it. 

"  If,  in  a  lon^  dam.  there  were  reason  Ut  dread  the  efieot  of  warping,  it  would  oaly  lie 
necessary  to  divide  the  dam  iuto  several  bays,  forme<l  of  gates  firmly  fastened  togeibrr. 
Small  and  narrow  piers,  separating  tbe  dilterent  groups  of  gates,  and  piercnl  <" 
provide  communications  between  the  gate-cliauiLrui's,  would  act  as  partitions,  audDii'e 
them  independent. 

"  The  division  of  the  dam  into  several  buys  would  have  tbe  additional  advantlS* 
that,  in  tbe  event  of  future  repairs,  it  would  asalHt  in  the  fistablishinent  of  coffer-diUH 
to  isolate  the  bay  where  work  was  to  be  dima.  Rupairs  could  be  made  while  the  cl»tu 
was  working,  since  tbe  two  segments  could  be  fed  respectively  from  tbo  two  eud». 

"  One  rf  tbe  characteristics  of  the  proposed  apparatus  is,  that  it  permits  any  dedlKil 
change  in  the  height  of  the  dam. 

"If  a  Sood  should  makeits  appearance,  it  would  be  easy  t«  partly  lower  the  gatc«,>i>^ 
thus  retain  the  water  of  the  upper  pool  at  a  sensibly  cousl-ant  level  uutil  the  mouvtit 
came  to  make  the  relief  of  the  movable  part  disappear  entirely. 

"  In  fact,  the  system  of  valviug,  first  thought  of  in  order  to  make  and  break  a1teru>tft>' 
the  communication  between  the  gate-chamber  and  tbe  upper  and  lower  pools,  coosiiti^ 
of  two  valves,  pbtced  in  the  longitudinal  aqneduot  for  supplying  water,  one  abuvs  tnu 
the  other  below  the  transverse  opening.  Then,  if  the  supply-valve  be  slightly  luwricJ- 
and  the  discharge- valve  correspondingly  raised,  the  water  in  the  space  between  tlirui 
will  soon,  in  consequence  of  this  manenver,  take  a  levol  intermediate  between  tbe  "!'- 
per  and  lower  pools,  the  interior  presHure  will  liiniiuish,  and  the  uppisr  gates  will  pusJ 
down  their  partners  until  a  new  state  of  eqailibriam  U  prod  need,  and  their  movemeui 

"A  few  tnmsof  a  wrench  will  then  sufflce  to  enable  one  to  vary  ut  will  the  potitiun 
of  the  cre«t  of  the  weir. 

"We  have  seen  that  the  two  valvesalways  work  in  contrary  directions,  that  is,  when 
one  rises  the  other  ought  to  lower ;  and  that  tbe  play  of  the  machiuery  depends  ralhi-r 
OD  the  relative  than  on  the  absolute  size  of  the  openings.  It  follows  from  tbis  tbiil  I'y 
cunneoting  the  rods  of  the  two  valves  by  a  balance-beam,  as  M.  Desfuutoines  has  dune. 
we  can  simultaneouHly  cause  the  double  maneuver  by  means  of  a  single  screw,  nuvnl 
by  hand. 

"  However,  we  think  that  in  the  case  in  qutstlou  it  is  preferable  to  use  another  kinil 


of  valving,  which  has  the  property  of  being  autorantie,  and  bettor  performs  tlie  duty 
of  rejjulaling  the  IpvpI  of  the  pool. 

"A  irelr,  and  eapeeiall;  a  navigable  posa,  conatmcted  accoidiog  to  the  ayet^m  nbich 
haa  juBt  been  ilescrilwd,  will  have  the  advantnge  of  not  causing  nt  the  moriipnt  of  open- 
ing a  sconr  dangerous  to  the  preservation  of  tho  lower  part  of  the  sole.  The  creat  of 
the  movable  apparatus,  hy  gnulually  lovrering  along  its  whole  leugtb,  will  eauae  a  less 
dang6rou8  Bnperflcial  correot." 

W  e  see  from  this  discussion  that  the  propoHod  ayatera  it  dtatingnished  by  its  eimnle 
and  ingenious  arrangements,  whose  comUiuation  appears  ratinnal.  M.  Curro  bcwicies 
)iitrodiioeil,ia  lt)72,  some  im  pro  vemeats  on  tbefiratplan,  which  has  just  been  described. 

For  fear  that  a  variation  ofpressnre  in  the  lower  conduit  might  cause  a  warping  in 
the  girdara,  which  connected  together  the  dificrent  pairs  of  gittea,  he  modiHed  this 
method  of  consolidation.  Tlie  method  which  he  fluully  adopted  will,  according  to  him, 
permit  the  use  of  sufficiently  long  bays,  even  without  the  intermediate  piers  to  act  as 
pnrtitiomi.  Besides,  in  the  new  arrangeuient  the  acn'en  which  was  to  rest  on  the  upper 
pate  is  suppressed,  and  replaced  by  a  simple  iron  plate,  a  sort  of  petiiianeni  joint-cover, 
like  that  which  covers  and  holds  the  eud  of  the  breech  of  a  Kruntz  wicket  when  it  ia 
down.     (Plate  12,  Fig.  6P.) 

Bnt,  as  I  have  already  said,  it  is  only  by  trial  that  the  merit  of  any.new  system  what- 
ever of  uiovable  dam  can  be  detenuined. 

Kefereace  haa  beeu  made  la  the  above  to  tbe  automatic  valves  in- 
vented by  M.  Carro,  in  order  to  regulate  the  level  of  tlie  upper  pool. 
Tbese  valves  are  described  by  M.  De  Lagreu6  iu  a  preceding  cliapter, 
Irom  wbicli  tlie  following  is  ttikeu  : 

SeLF-RBOUIATtNa  TWIN   WICKETB. 

1  have  already  shown  that  a  wicket  which  turns  around  a  horizoDtal  axis  can  be 

centered  in  such  a  way  as  to  swing  when  tbe  pool  is  slightly  higher  than  a  given  level, 
but  that  it  will  not  lift  itself  up  until  after  a  considerable  lowering  of  the  pool  below 
this  level.     Such  a  wicket  is  not  automatic. 

But  it  is  possible  to  couple  two  wickets  together  in  such  a  way  that  the  combina- 
tion shall  have  this  property. 

Snpiiosa,  for  example,  a  pier  or  an  abutment,  pierced  by  an  aqoednct  parallel  to  tbe 
BXie  of  the  stream,  and  in  this  aqueduct  two  wickets  suspended,  each  with  a  horizontal 
axia,  but  so  connected  toKether  that  when  one  ia  vertical  the  other  is  horizontal. 
Theae  wickets  are  centerea  in  snch  a  way  that  their  oenter  of  gravity  is  nearly  in  each 
asis  of  rotation.  The  property  which  one  has  of  swinging  can  be  utilized  to  set  up  the 
other,  and  if  in  the  pier  or  abutment  the  opening  of  a  transverse  aqneduot  should  lie 
between  the  two,  it  is  evident  that  this  aqueduct  will  be  opened  or  closed  automati- 
cally by  very  slight  oscillations  of  the  pool  above  oi  below  a  given  level. 

Snch  is  the  principle  of  the  self-regulating  twin  wickets.  I  wiU  now  show  two  appli- 
cations of  this  principle,  which  will  make  it  more  readily  understood. 

The  first  Is  due  tA  M.  Carro,  and  the  second  I  easily  doiiuced. 

The  tranaverse  a(|ueduct,  which  is  to  he  opened  or  shut  in  accot^nce  with  the  oscil- 
lations of  the  upper  level,  may  have  ditferent  functions. 

For  example.  It  may  form  the  head  of  tbe  aupply-oonduit,  which  leads  the  motlve- 
ivater  to  the  movable  members  of  a  dam.  E^caniples  of  this  will  be  found  in  the  fol- 
lowing chapters.    [Already  given.] 

In  this  vase  the  water  ought  to  enter  the  transverse  aqueduct  whenever  the  upper 
pool  falls  below  a  given  luvel.  The  lower  wicket  ought  tbuu  to  Lie  abut,  and  the  upper 
tvicket  to  be  on  the  swing,  when  the  water  ia  low. 

It  may  also  form  the  head  of  a  wftNte-weir,  designed  to  carry  off  in  any  direction  the 
siipertluoiiB  water  from  the  upper  pool.    In  this  case  the  wat«r  abould  e   ' 
verse  aqueduct  when  the  upper  It     ■   ■        -     ■    ■         ■■  .  .       ■ 

2uence  the  lower  wicket  is  the  o: 
uring  high  water. 

There  are  therefore  two  distinct  methods  of  combination,  according  to  which  one  of 
these  two  eads  is  Ijj  be  attained. 

I  will  begiu  by  examining  the  first  case,  that  in  which  the  tranaverae  aqueduct  of 
tbepier,  or  tbe  abntiiient,  coudncts  the  water  which  works  a  movable  dam. 

Plate  14,  Pigs.  77  and  78,  shows  the  arrangement  invenlc<l  by  M.  Carro,  and  tbe  lol- 
lowiog  is  his  way  of  explaining  the  automatic  moveuients  of  the  wickets : 

Suppose  a  wicket,  A  B,  (Plate  13,  Pig.  7f>.)  standing  vertically  agaiust  a  sill  on  its 
lower  side,  and  able  to  turn  around  an  axis  of  rotatiou,  1,  iu  such  a  way  that  its  chaae 
fulls  in  the  direction  of  tbe  current.  The  preusnre  which  it  supports  uuiler  a  fall,  A  P, 
■n  represented  by  the  suifiice  of  the  polygon,  A  B  C  D,  and  the  center  of  pri'saure  by 
the  projection  upon  the  wicket  of  the  center  of  gravity  of  this  polygon.  Iu  lovr-watec 
the  center  of  pressure  ia  below  the  axia  of  rotation,  and  tbe  wicket  remains  upright. 
If  a  flood  comes,  tbe  center  of  gravity  of  the  figure  representiug  the  pressure  rises  with 
the  flood,  and  when  it  has  passed  the  level  of  the  axis  of  rotatiou  the  wicket  swings. 
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On  the  other  hand,  let  as  oonsider  (Plate  13,  FJ);.  7I>)  a  wicket  reating  ogainRt  ■  ull 
placed  on  the  upi)«r  side  of  its  breech  in  Huob  »  way  that  it  can  only_  turn  in  the  oppo- 
site direction  to  the  preceding;;  the  oppoijile  conditions  will  prevail,  opening  dnnug 
low-water,  and  cloaiu);  during  riuis. 

Then  let  iih  suppose  that  tbwie  wickets  are  united  by  a  connecting-rod  ,of  inch  i 
length  that  the  vertical  position  of  one  corresponds  to  the  horizontal  position  of  the 
other.  Daiing  the  period  of  low-water  the  lower  wicket  is  natnrally  closed,  Md  it 
keeps  the  upper  one  open.  The  motivr-water  then  enters  the  transvente  aiiuedoct,  and 
assures  (he  working  of  the  movable  parts  that  make  a  datu. 

The  river  still  rising,  the  center  of  pressure  rises  above  the  axis  of  rotation  of  Iht 
lower  wicket  and  mskes  it  swing,  and  its  movement  conipelH  the  closing  uf  the  upper 
wicket.  The  tranavenw  acjnednGt  then  no  lonj^er  receives  the  water  from  aliove,  snd 
the  movable  parts,  deprived  uf  their  motor,  fnll  down  on  the  sole.  If  the  river  snln^ 
(juently  falls,  the  center  of  pressure  of  the  upper  wicket  descends  below  the  axis  of 
rotation,  and  by  compeiliog  it  to  swing,  and  in  coosequeuce  to  close  the  lower  nickel, 
the  uiotive-water  is  again  scut  to  the  dam,  and  the  latter  rises. 

It  is  possible  so  to  arrange  the  ajies  of  rotation  of  the  two  wicketa  that  the  cenMrs 
of  presBnre  will  coincide  with  them  when  the  natural  level  of  the  river  rises  to  a  given 
bei((ht[  for  example,  when  this  level  below  the  dam  reaches  the  minimum  depth  lot 
DBvigalion,  Tlie  disi-lmrge  of  the  river.  correnpondinK  to  this  minimum  level,  a 
known;  fWim  it  is  iled  need  the  depth  of  the  overflow,  ann  consequently  the  levelabove 
which  answers  to  this  discharge  when  the  doni  is  np.  The  shape  of  the  imlygun  r«n- 
resenliug  the  pressure  Is  then  determined,  and  it  is  only  ueceHsur)'  to  find  its  center  of 
gravity  to  know  the  height  of  the  axes  of  rotation  of  the  wickets. 

At  a  slightly  higher  level  in  the  upper  pool  the  lower  wicket  will  swing,  and  will 
Bel  op  the  upper  wicket,  and,  in  consequence,  the  flow  of  the  motiTe'Water  will  be 
stopped. 

At  a  slightly  lower  level  in  the  npper  pool  the  upper  wicket  will  swing,  setting  np 
the  lower  wicket,  and  sending  the  niutive-water  through  the  transverse  aqueduct. 

The  automatic  working  of  the  dam  is  then  assured  by  means  of  the  twin  wickels. 

M.  Carro  expresses  the  opinion  that  the  opening  of  Ihe  wickets  wonld  not  takeplaw 
snddeiilv,  so  as  to  cause  the  river  to  pass  too  rapidly  fiMjm  one  state  to  another  n  —  " 
'---'—--      "        -      -•         •      '--     '■■-     will  ur  '-""---•--   -'--- 


less  <htferent.  He  says  that  the  transition  will  undoubtedly  take  place  by  Bcareety 
preceplihle  degrees,  oorrespondiiig  to  a  partial  working  of  the  wickets,  and  giving,  in 
the  transverse  aqueduel,  the  effect  of  a  level  intermediate  between  those  above  and 
below.  It  can  readily  be  understood  that  when  the  upper  wicket  is  partly  set  np,  its 
center  of  pressure  will  aoon  fall  below  its  axis  of  rotnlion  ;  it  will  then  react  apin!<t 
the  pull  of  the  lower  wicket,  and  will  hiuder  the  latter  IVom  swingicg  compretely, 
holding  it  at  an  lucliDatiou  correspouding  to  its  own. 

In  certain  eirou instances  it  might  be  useful  to  manenver  the  wickets  without  wtil- 
ing  for  their  eiHintaueous  movement.  This  can  be  done  by  fasteuing  to  the  lower  part 
of  the  lower  wicket  (Plate  14,  Fig.  77)  a  chain  which  is  wound  around  »  drum.  A 
second  chain  is  likewise  fMtened  to  the  lower  end  of  the  ap|>er  wicket  and  wound  nn 
the  same  drum,  but  in  a  contrary  direction  to  the  Srst  cliaiu,  so  that  one  unwinds  u 
the  other  winds.  The  wickets  may  then  be  held  wherever  desired  by  simply  turaing 
the  drum. 

Fig.  79.  Plate  14,  represents  the  arrangement  of  twin  wickets  which  may  be  naed  M 
carry  off  the  surplus  of  a  poo!.  The  explanations  alreaiiy  given,  and  an  inspection  of 
the  figure,  are  enough  to  indicate  how  this  pool  will  regulate  itself  spontaneiiinly. 
The  transverse  a<|Ueduct  either  empties  the  surplus  into  the  lower  pool,  or  into  ditcbei 
for  use  in  agriculture  or  in  ni an u fact n ring. 

Twin  wickets  cannot  be  used  to  form  a  dam  in  the  bed  of  a  navigable  rii'er,  sinw 
they  cannot  get  out  of  the  way  at  any  given  moment,  but  we  see  that  thriy  can  reniler 
services  similar  to  those  obtained  from  oscillating  wickets. 

DAMS  WITH  SHUTTERS   WORKED   BV  HVDRAUtlC  JACKS— filRAnO  SYSTEM. 

I  explained  !u  Chapter  VII  that  ThiSnard  shutters,  having  their  axes  of  rotation  on 
the  eole,  present  so  CTeat  a  resistance  to  raisine  as  to  be  inapplicable  to  high  lifU  at 
long  as  only  the  ordiDary  mechanlsia  of  movable  dams  is  used. 

H.  Oirard,  a  civil  engineer,  who  died  in  iF^l,  has  found  an  easy  method  of  workin;; 
these  shnttvrs  by  pnshing  them  by  means  of  hydrnultc  Jocks,  which,  at  will,  by  means 
of  a  cock,  may  be  put  in  communication  with  an  oecumulaUir  on  the  bank. 

This  is  the  general  idea  uf  the  svetem,  whose  trial  was  authorized  by  an  ofScial  anj«r 
of  Jnne  2"^,  1^:70.  The  point  selected  was  on  the  Yonne,  at  the  weir  of  the  Ile-Bmln 
Dam,  which  is  situated  a  little  more  thau  a  mile  below  Auxerre,  and  has  a  noraulfaU 
of  6  feet. 

The  fiillowiog  is  the  description  of  the  movable  parts,  taken  tnm  M.  Gir^rd'sprojrct 
fora  high  dnm  :    (Plate  14.) 

Each  shutter  is  composed  of  three  pieces  of  wrought  irou  of  this  shape,  I,  fbsteaed 
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at  bottom  to  an  axle  wLicb  Torras  a  hiaca  throughout  its  length.  Tbis  biuge  tiime  in 
a  cast-iron  Lolloir  quohi,  uiailu  fust  to  tuo  Bole. 

The  I-irona  are  covered  on  their  don-D-atreani  faces  b;  a  plate  of  fihcet-iron,  aail  on 
tLeir  np-Ntream  facen  1i;  oak  tiiuberx. 

A  shutter  IB  Hi  feet  !□  length,  meaHiired  in  a  plane  norninl  to  the  axia  of  rotation, 
and  coinuieuciiiu  at  this  axie.  Itx  vertical  projevliou,  when  it  Is  up,  is  lUj  feet ;  itH 
homontal  widtb  is  13  feet  1  j  jncbes. 

A  shntter.  nben  np,  baa  a  batter  of  four-tenths.  The  space  between  two  conseoative 
shutters  is  IJ  inchns. 

Below  each  shutter  a  cast-iron  c.vliuder  Is  fasleiieil  to  the  sole  on  a  slope  of  aboat 
lO' ;  tbis  cylimler,  called  by  M.  Girard  mrp'  de  prnne,  receives  a  piston,  ore  foot  in 
diameter,  on  whose  outer  end  is  a  cast-iruu  cros-i-head,  which  is  constrained  to  slide  in 
three  cast-iron  giiidoM,  desigoe*!  to  secure  its  rectilinear  motion.  These  guides  are  fast- 
ened to  the  sole,  and  are  parallel  to  the  prulongatiou  of  the  axis  of  the  cylinder  of  the 

Upou  the  cross-head  of  tbe  piston  are  fastened  three  bars,  which  act  as  props  to  the 
ehultttr  ;  each  of  these  bare  is  fasleneil  by  a  wrought-irou  fork  to  one  of  the  T-irons  of 
the  shutter  at  its  middle. 

Each  cylinder  receives  at  its  lowpr  end  a  gaa-pipo  of  one  inch  interior  diameter, 
whose  other  end  terminates  in  the  accumulatiir. 

A  three-chauoul  cock,  placed  near  the  latter,  permits  either  tbe  introduction  of  water 
from  the  accumulator  into  the  cylinder  of  the  jack,  or  the  removal  of  tbe  water  in  the 
cylinder,  or  the  establishment  of  a  direct  commuuication  between  tbe  cylinder  and  the 
pump  which  snppliee  tbe  accumulator. 

Ea-nh  shutter  having  its  own  jack,  supply-tube,  and  regulating-cock,  can  at  will  be 
worked  hy  itself,  or  in  conjuoctloa  with  the  others. 

The  motive-water  is  obtained  either  from  tbe  nppei  pool  or  from  a  tank,  hy  tneana 
of  a  double-acting  pump  set  in  motion  by  a  turbine,  which  receives  its  impulse  from 
tbe  fait  at  the  dam. 

The  turbine,  the  tank,  the  forcc-pnmp,  and  the  accnmnlator  are  placed  in  a  little 
building  constructed  on  the  abutment  of  tbe  weir. 

The  use  of  a  turbine  presupposes  tbe  existence  of  a  fall. 

At  the  Ile-Brnl^  Dam,  as  tbe  weir  is  not  shut  nutil  after  the  navigable  pass,  which 
is  provided  with  Cbanoine  wickets,  is  closed,  the  reduction  of  section  which  results 
from  the  closing  necessarily  produces  a  difi'erence  of  level  between  the  water  above 
tbe  dam  and  that  below  it. 

It  is  only  necessary  that  this  difference  of  level  should  be  sufficient  to  enable  the 
turbine  to  do  ita  necessary  work.    I  will  take  np  this  matter  directly. 

In  case  there  is  no  fall,  as  if,  for  example,  all  the  dam  were  provided  with  Girard 
sbnttles,  and  the  sill  were  not  raised  above  the  bottom,  it  would  be  necessary  to  lesort 
to  a  steam-engine  to  work  the  supply-pump.  Sncb  was  M.  Girard's  flrst  idea,  but  hav- 
ing observed  that  at  the  lle-BruUe  Dam  tbe  preliminary  closing  of  the  pass  would 
canse  a  fall  of  at  least  16  inches,  tbe  turbine  was  calculated,  so  aa  to  produce  with  this 
fhll  tbe  useful  work  necessary  for  raising  the  shutters,  and  in  this  first  application  of 
the  system  the  idea  of  a  steam-engine  was  abandoned. 

As  the  pump  can  act  <lirectly  on  the  cylinders  of  the  hydraulic  jacks,  the  accumu- 
lator is  not  indispensable,  but  it  is  useful,  in  that  it  serves  to  equalize  the  work  of  the 
punip,  and  also  in  that  it  permits  more  prompt  maneuvering,  as  there  is  always  pres- 
sure in  reserve  even  before  the  clu>iine  of  tbe  pass  is  begun. 

This  fltscription  is  Bn&tcitiit  to  tiijilain  the  method  of  opening  or  of  closing  the  weir, 
a  maneuver  which  is  reduced  to  turning  to  a  certain  point  each  oneof  thecocka  of  the 
supply -pi  pes. 

Any  shutter  whatever  may  be  stopped  at  any  moment  whatever  in  its  rise  or  fall  by 
a  simple  turn  of  the  corresponding  cock. 

I  have  already  pointed  out  the  advantages  resultingfrom  this,  both  in  moderating 
the  scooring  force  of  the  cataract  and  in  providing  for  a  small  rise,  precisely  tbe  outlet 
-which  it  needs,  without  sensibly  changing  the  upper  level. 

It  is  important  that  the  piston  of  each  jack  should  be  prevented  from  acijuiring  loo 
great  A  velocity,  even  though  there  may  be  a  great  excess  of  power.  Tbis  result  is  ob- 
tained by  giving  the  cock  an  opening  of  such  a  size  that  the  water  iu  passing  through  it 
loHes  a  part  of  its  living  force. 

Suppose,  for  esample,  that  the  piston  has  a  velocity  of  4  inches  per  second,  a  velocity 
which  cannot  canae  an  injurious  shock  when  it  is  stopped;  snppose,  besides,  that  the 
pressnre  in  the  accuDiuiator  is  c)f  twenty  atnionpheres,  the  velocity  of  exit  of  the  water 
will  bet/  '^  S  X  ^  X  34  ^  209  feet;  and  all  that  is  necessary  in  order  that  the  piston 
speed  majDotexceedlinciies  per  second  is  that  itssectiunshonldbear  tbe  relation  to  tbe 
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With  this  speed  tbe  travel  of  tbe  piston  is  5  feet,  and  the  raising  or  lowering  of  tbe 


wbolo  weir  will  take  place  in  irmwondB,  MakinKdiia  ollowftneefor  loBBeaof  praemte, 
ve  can  still  feel  nure  that  each  complete  maDeaver  will  taku  place  in  less  thnu  a  min* 
ate,  whatever  be  the  leiif^li  dainmctrl. 

The  cockB  can  readily  be  turned  bj  a  float,  and  cuUHcqueutl.v  tbey  can  at  will  be  pie- 


The  B.vst^m  whicb  had  jiiRt  hp<tu  dnticribeil  haJ>  several  ruuiarkable  pmperticB,  uaiaely: 

Kapiii  null  easy  niaueu'ven  without  Hhni^k. 

Great  reduction  in  leakage,  ou  accuuut  of  the  less  number  of  Bpacea  between  sbal- 

PuBnibilitf  of  application  to  );reut  lifta  and  lengths. 

But  there  are  also  incouveuieucHH. 

The  |)rincipal  oliji-ction  lo  the  HyBtem  arises  from  the  efiect  of  freezing  on  the  supplj- 
I>ipeH,  and  on  the  cylinders  of  the  jacks. 

If  we  endeavor  to  avoid  thene  utfecfH,  by  plooinK  the  machiiiBH  at  a  considerxble 
depth  below  low  wattir.  it  becomes  very  dilfiuult  to  mpuir  tlieui.  B«aiclfls,  the  SLualltM 
leakaife  in  apparatus,  which  is  almost  coustautly  auLgeet  to  heavy  pressure,  will  3lu|i 
its  workin^cs. 

M.  Girard  proposed  filling  the  pipes  and  the  cylinders  with  a  mixture  uf  water  and  alro- 
hoi,  which  only  freezes  at  a  very  low  temp«rature.  Tbis  water  was  to  be  colleclud  iu 
a  waste-well  when  it  came  ont  of  the  cyliuders,  when  the  dam  was  lowered,  and  tben 
repnniped  iuto  the  accumulator ;  bnt  this  expedient  did  not  ap|>ear  practical,  anil  il 
was  considered  snSlcieut,  at  the  Islo-Bculcu  weir,  to  plucu  the  coinmanicating  pipeso 
feet  below  the  lowest  water,  after  the  whole  apparntiiH  had  been  subjected  tu  a  proof- 
pressure  of  at  least  thirty  atmospheres. 

The  pipes  are  placed  in  a  masonry  conduit  prepared  ia  the  sole,  aud  covered  bji 


To  repair,  while  under  pressure,  a  shutter  which  no  longer  works,  a  screen  HonlJ 
probably  be  placed  in  front  of  this  shutter,  which  wonld  support  itself  on  the  neigh* 
boriiif;  shutters ;  the  one  to  be  repaired,  beini;  thus  relieved,  might  be  removed ;  bnl 
nnfaeteuing  under  water  nud  replacing  the  cylinder  and  its  pipe  are  rather  delicate  op- 
erations, and  are  very  rarely  admissible.  Use  wiU  teach  whether  this  is  too  grust  > 
difBculty  in  practice. 

The  absolute  rigidity  of  each  shutter  has  also  been  made  an  objection  to  this  system. 
If  a  floating  body  strikes,  it  will  not  yield,  and  violent  strains  are  produced  bobhoDtlio 
fast«uinga  and  on  the  orgaus  themselves;  as  a  matter  of  fact,  there  i»  the  same  tronlilB 
with  a  needle-dam. 

On  the  other  hand,  I  have  seen  a  raft  of  timber  drift  against  the  navigable  pass  ri 
the  Evry  dam,  and  breuk  throngh,  making  the  wickets  swing,  but  cansio)r  no  dami|p- 

In  addition,  there  ia  reason  to  fear  that  sand  may  work  in  between  the  sliden  and  tbe 
crosAS-heud  of  each  piston,  and  may  give  rise  to  so  much  friction  as  to  canse  too  greU 
wear  ou  the  rubbing  surfaces. 

.  JjBStly,  when  the  operation  of  raising  is  bcgnn,  the  prop  makes  a  very  acnte  aDj;!' 
with  the  shutter,  and  consequently  the  normal  component,  which  alone  perfnroiB  nfi^ 
fnl  work,  is  st  first  only  a  feeble  fraction  of  the  force  exert«d  on  tbq  piston.  It  slw 
follows  that  the  component  in  the  direction  of  the  shutter  is  large,  and  produces  fni!- 
Vion  aud  compression  on  the  axle  aud  its  collars,  which  cannot  be  neglected. 

The  author's  calculations  on  the  moments  of  the  developed  forces  an 
omitted. 

'  The  dimensions  of  the  force-pump,  which  in  case  of  need  mast  act  directly  on  tb« 
hydraulic  jacks,  without  the  use  of  the  accumulator,  depend  ou  the  time  allowed  bt 

If  we  suppose,  for  example,  that  the  weir  should  be  raised  io  the  apace  of  ten  miv- 
ntes,  and  if  the  travel  of  each  piston  Is  5  feet  7  ioches,  the  volume  generated  is  t^ 
cubic  fuet,  and  for  the  seven  shutters  39}  cubic  feet.  This  is  eqnivalent  to  a  continaoDs 
dischargeofS.97  cubic  feet  per  minute.  The  pump  and  the  tarbine  which  pntnit'o 
motion  under  a  known  fall  of  IS  inches,  for  example,  as  at  Ihe  Ile-Brul4e  Dam,  shncld 
be  so  arranged  as  to  produce  this  discharge  of  2.97  cubic  feet  per  miuute  nndertlw 
pressure  which  corresponds  to  the  fall  of  16  inches. 

In  addition,  it  is  necessary  that,  after  the  fall  increases,  the  pump  and  the  tnrbiDr 
should  still  be  able  to  produce  this  same  discharge  under  the  increased  pressure  vhici 
will  result. 

As  I  have  said  before,  the  navigable  pass  of  the  Ile-Bml^n  Dam  is  provided  witb  Cli»- 
noiue  wickete.  Its  weir  only  is  provided  with  Girard  shutters,  whose  dimeniinns  »" 
smaller  than  those  represented  on  Plate  15,  bnt  whose  general  arrangement  is  the  samr. 

Each  shutter  is  11}  feet  wide  and  6^  feet  long,  measured  along  its  slope  aud  iu  ' 
plane  normal  to  the  axis  of  rotation.  The  total  batterof  a  shutter  when  up  is  ISinebo- 
which  corresponds  to  an  angle  with  the  vertical  of  nearly  VHP. 

The  weir  is  fctf  feet  long  and  has  aeveu  shutters,  each  interval  belug  l^Ap^if^  -. 
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Two  of  these  seven  shutters  have  Papillon  valves  in  their  chases. 

The  iiiiiier  pool  is  at  the  reference  314.T2  a1>ove  the  sea ;  tbe  luner  pool  is  at  the  ref' 
I'rence  308.'S;  whenue  r.^ults  a  fall  of  6.07  feet. 

The  urown  of  the  masonry-  wUicli  forma  the  permanent  part  is  at  the  reference  308.15; 
that  is,  at  half  a  foot  helow  the  level  of  the  lower  piml.  The  axis  of  rotation  fastened 
is  at  3  inches  below  the  level  of  the  lower  pool. 


V  Hhutter,  with  all  the  iron-work,  weielts  2,b^  pouuils. 

\  pisloa.  with  its  oross-heatl,  weighs  3,1K1H  poands. 

t  Is  ooncedeil  that  the  preasare  in  the  reservoir  sboiilii  not  excecti  35  atinospher 


The  adniinistralioD,  contrary  to  its  K^ueral  practice,  contracted  with  the  inventor, 
U.  Girard,  for  tbe  shatters  of  the  Ile-firul^e  weir. 

Tbe  sum  allowed  for  fiirniBbiDg  and  «>^tIintc  the  movable  apparatus  and  tbe  depend- 
ent mechanisms  was  44,U0O  francs,  ($>^,360.)  This  would  l>e  ^7  francs  ($10-2)  per  run- 
liin^  fool. 

It)  concluding  tbis  descriptloQ  it  should  be  stated  that  M.  Gambuzat, 
ill  his  report  on  the  navigation  of  the  Yonne  and  the  Upper  Seine,  from 
whicli  we  have  already  qaot«d  freely,  states,  in  regard  to  the  tiirard 
sliutt«ni,  that  they  work  well,  but  that  they  are  costly,  aad  that  a 
Qeedle-dam  is  preferable. 

As  ire  here  end  our  quotations  from  foreign  reports,  it  is  prtyper  to  state 
that  all  the  measures  and  calculations  trkich  have  6ee»  quoted  from  the 
Freaek  are  given  in  the  originals  in  terms  of  the  French  metrical  system. 
They  have  all  been  transformed  into  English  measures,  as  it  teas  believed 
i/iai  the  usefulness  of  this  report  would  hare  been  seriously  impaired  if  a 
unit  of  measure  had  been  used  ichieh  did  not  immediately  convey  definite 
ideas  of  dimension  to  American  engineers. 

SUMMARY  AND  CONCLUSIONS  OF  THE  BOAED. 

We  have  thns  far  given  drawings  and  descriptions  of  all  the  methods 
of  which  we  could  learu  that  h»ve  been  used  up  to  the  present  time  for 
the  management  of  hydraulic  gates  or  movable  dams.  The  most  serious 
difficulty  in  applying  any  of  these  systems  to  the  Ohio  River  arises  from 
the  severity  of  our  winters  and  the  great  masses  of  ice  that  must  be 
provided  for.  In  order  to  permit  these  heavy  masses  to  pass  freely,  it 
is  iji dispensable  that  in  the  plan  adopted  there  should  be  no  projecting 
mechanism  that  conld  possibly  be  injnred  when  the  pass  is  open;  in 
other  words,  the  sides  and  bottom  of  the  pass  should  then  be  as  smooth 
as  those  of  an  open  cut.  An  approximation  to  this  condition  is  an 
absolute  necessity. 

Leaving  temjwrarily  out  of  consideration  the  question  of  the  lengths 
or  heights  of  passes  and  weirs,  we  will  first  discuss  the  subject  of  ap- 
paratus. 

The  following  are  the  methods  thns  far  described: 

I,  "The bear-trap," PUte  l.Figs.  1,2,3, 

«.  The  wicket  used  on  the  Rioui,  Plate  1,  Figs.  4,5, 6,7. 
:t.  Thrtnard  shutters,  Plate  1,  FiBs,  8, 9, 10, 11, 12. 

4.  Thi^nard  Hhiittent,  as  inodifiisd  by  Fouracree,  Plate  4, Figs. 30, 31, 32, 33. 
i>.   Poir^B  needle^lal^,  Plate  2,  Fi(!8. 13, 14, 15, 16, 17,  la 

ti.  Combination  of  Poir^e  dam  and  Thdnard  ebulters,  Plate  3,FiRS.25,26,2T,28.20. 
7.  Chsuoine  wickela.  Plates  5, 6, 7,  Firs.  37,  38, 39,  40, 41, 42, 43, 44, 45. 

5.  Dnifontaines  wickets.  Plates  8, 9,  Fi^.  46, 47, 48, 49, 50, 51. 

9.  Hodifled  Poirie  needle-dam, Plate  10,  Figs,  54, 55, 5«,  57, 58. 

10.  Cnviuot  drvim-wickets,  Plate  II,  t'igs. 63,64, 65, 66. 

II.  Krantt  wickets  with  ponton,  Plate  12,  Figs.  67, 6(J,  69, 70. 

Vi.  Carro gates — improved  "liear-trap" — Plate  13, Figs. 71, 72,73. 
13.  Girard  shntters,  Plate  15,  Figs.  80, 81, 82, 83, 84, 85, 86. 

^e  objections  to  the  "  be^ir-trap  "  gates  have  been  given  at  length 
by  M.  De  Lagren^,  and  need  not  be  repeated  here.  Tbe  fact  that  this 
system  haa  been  in  use  in  France  for  many  years  to  provide  artificial 
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waves  for  hiinberiiig,  and  yet  has  not  been  adopte^l  on  tbe  larger  riveis, 
is  sufficient  to  condemn  it.  If  such  a  combination  vrere  used  at  all.  it 
wonld  probably  take  the  form  of  the  Cairo  modification,  and  therefore 
ve  need  not  spend  time  on  the  protot^iie. 

Mr.  H.  Werner,  C.  E., proposed  a  nnmber  of  "bear-trap"  gates  of  nr- 
dinary  width,  giving  each  pair  separate  inlet  and  outlet  pipes.  As 
these  gates  were  to  be  niised  iu  succession,  it  was  necessary  to  retiiin 
tbe  water  under  each  pair  by  closing  each  end  of  the  space  under  them. 
For  this  purpose  be  designed  solid  frames  of  triangular  shape,  irLicL 
were  to  be  lifted  by  the  main  gat«s,  rising  at  right  angles  to  them,  and 
closing  each  end  of  the  space  under  them,  Tbe  joints  between  the  op 
per  main  gat«s  were  to  be  closed  by  narrow  aprons,  resting  on  and 
raised  by  tbein. 

This  method  of  construction  was  tested  on  »  large  model,  but  did  not 
give  satisfactory  results.  There  was  no  trouble  in  raising  tiie  gates. 
but  they  could  not  be  lowered  except  by  hand.  The  diflBculty  seemed 
to  arise  from  the  side  gates  refusing  to  fall  after  the  water  was  let  out 
The  friction  between  them  and  the  main  gat«s  was  such  as  to  hold  them 
fast.  This  might  have  been  expected,  since  even  in  the  ordinary  "bear- 
trap"  there  is  difflculty  iu  lowering  the  gates  unless  the  angle  between 
them  is  very  obtuse. 

Tbe  second  method,  that  in  use  on  the  Biom,  is  manifestly  onl;  A& 
signed  for  small  lifts  and  for  rivers  not  incnmbere<i  by  ice  or  drift.  It 
is  evidently  so  much  inferior  to  some  of  the  others  that  no  time  need  be 
spent  in  discussing  it. 

The  third,  fourth,  and  sixth  methods,  two  of  which  differ  only  in  minor 
details,  tbe  third  being  a  combination  of  the  shutter  with  another  sy»- 
tem,  may  be  discussed  together.  The  great  difflcnlty  of  raising  bigii 
Th^nard  shutters  has  been  mentioned  in  the  previous  diacussious,  and 
besides  this,  the  first  two  methods,  or  the  Tb^tiard  shutters  proi»er,  seem 
to  bfe  very  objectionable  in  a  river  which  carries  much  ice  or  drift.  Tbe 
third  method,  which  uses  but  one  shutter,  and  has  a  Poir^e  dam  in  a<l- 
dition,  seems  to  have  a  superfluity  of  apparatus.  Tbe  only  apparent 
reason  for  the  combination  is  to  secure  rapidity  of  opening  by  using  the 
dam  as  a  screen  behind  which  to  raise  tbe  sbutters,  and  snbsequetilly. 
after  the  dam  has  been  removed,  to  drop  the  shutters  by  a  tripping-rod. 
In  view  of  the  various  devices  already  described  for  promptly  opening 
a  needle-dam,  it  seems  unnecessary  to  have  anything  else  where  it  is 
used,  and  therefore  we  are  of  the  opinion  that  all  the  methods  uaiuf,' 
tbe  oniinary  Th^nard  shutters  should  be  rejected. 

Of  the  systems  that  are  left  for  examination,  those  of  Poir^e  and 
Cbanoine  are  in  very  general  use.  Uesfontairies  drum-wickets  seiem  t*' 
be  used  only  on  weirs  iu  tbe  Marne.  Girard  shutters  are  used  on  tlie 
■weir  of  a  single  dam  on  the  Yonne ;  the  Krantz  system  is  in  process  of 
trial ;  and  the  Onvinot  and  Oarro  systems  exist  only  on  paper. 

The  first  question  to  be  settled  is  the  general  arrangement  of  the 
locks  and  dams  that  should  be  revommended  for  use  on  the  Ohio.  The 
French  system  has  a  pass  whose  sole  is  level  with  the  natural  bottom 
of  the  river,  and  a  weir  whose  permanent  part  is  somewhat  higher. 
When  the  pass  is  open,  and  the  weir-wiukets  are  down,  tiie  river  i$ 
almost  in  its  natural  condition,  but  there  will  be  an  inci'eiise  of  velucifv 
through  the  pass  over  the  velocity  that  existed  before  the  coustructiou 
of  the  dam,  the  amount  of  which  will  depend  upon  the  height  and  ar- 
rangement of  the  weir.  The  system  which  the  boai-d  had  in  view  was 
to  build  ordinary  slack-water  dams,  and  to  make  openings  in  these,  con- 
nected with  an  inclined  plane  below,  so  that  coal-fleets  could  be  passed 
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tliroQ^h  the  openings  and  dotvu  the  iiicliued  pnss  into  tli«  lower  pool. 
Tliia  sjateui  was  autiirally  suggested  bj-  tbe  existiDg  slack-water  sys- 
tf^m  ou  theUonoDgaheliL 

Compiiriug  it  with  tlie  French  systems,  assuming  equal  lifts  at  the 
dams,  we  find  that  the  difterenee  is  thnt,  ou  our  plan,  the  weir  is  per- 
luaiieiit  up  to  the  level  of  the  pool,  and  the  sole  of  the  navigation-pass 
is  about  half  way  between  the  luw-water  line  and  the  surface  of  the 
pool.  Both  weir  and  pass  are  therefore  higher  than  is  the  practice 
in  Frauce. 

Assuming,  for  the  present,  that  the  general  combination  indicated  is 
au  advantageons  one,  we  will  give  a  de-scription  of  the  varions  styles  of 
gates  that  were  examined,  and,  after  describing  the  one  which  in  our 
jndgmeat  seemed  most  suitable,  will  resume  the  com^Mirisoa  with  the 
French  methods. 

Assuming  a  dam  with  a  lift  in  low-water  of  8  feet,  as  is  the  case  with 
the  lower  dams  on  the  Monongabeln,  we  proposed  to  cut  down  a  portion 
of  this  tbr  a  width  of  2UU  feet,  more  or  less,  and  a  depth  of  4  feet,  and 
to  provide  the  passage  thus  made  with  easily- worke<l  apparatus  for 
opening  and  closing  at  will.  We  also  proposed  constructing  below  this 
cut  au  inclined  plane  of  slight  declivity,  which  would  form  a  pass  into 
the  lower  pool.  It  should  be  stated  that  when  we  commenced  investi- 
gating this  subject  we  were  ignorant  of  the  great  progress  that  had 
been  made  in  it  by  modern  French  engineers,  as  almost  the  only  record 
of  their  work  is  the  Amiaiea  des  Fonts  et  Chamnees,  a  publication  which 
is  seldom  to  be  found  in  American  libraries.  The  copies  from  which  the 
traDslaCions  were  made  were  borrowed  from  the  library  of  the  Head- 
quarters of  the  Corps  of  Engineers.  M.  DeLagren6's  work  is  just  pub- 
lished, and  was  only  received  during  the  present  month. 

The  tbilowuig  plans  were  especially  examined  by  the  hoard,  the  ma- 
iority  of  them  being  tested  by  models: 

Mr.  S.  Petitdidier,  0-  E.,  proposed  the  system  shown  in  section  and  ele- 
vation in  Plate  Ifi,  Fig.  87.  It  consisted  of  a  solid  dam  of  wood,  three  feet 
wideand  six  feet  deep,  thoroughly  bolted  and  stiffened  with  iron,  which 
moved  up  and  down,  iu  a  naiTow  chamber  with  vertical  sides,  under  the 
action  of  heavy  counter- weights  at  each  extremity.  Friction-rollers  on 
each  side  of  the  vertical  chamber  facilitated  the  movement.  The  coun- 
ter-weights were  hung  at  such  a  height  that  when  tbe  water  rose  they 
were  partly  submerged,  anil  their  loss  of  weight  caused  the  dam  to 
deiHcend  into  the  chamber,  and  to  gradually  0|>en  the  pass.  The  coun- 
ter weights  were  protected  from  doods  by  heavy  crib-work,  and  auto- 
matic signals  were  designed  to  indicate,  both  by  day  and  night,  whether 
the  pass  was  entirely  or  only  partly  open.  The  designer  claimed  that 
this  system  would  work  automatically.  The  model  did  not  sustain  his 
views,  on  account  of  the  friction  of  all  the  parts,  and  the  whole  system 
was  open  to  the  objection  that  it  would  only  work  in  doods,  and  could 
not  be  maueuvered  without  complicated  mechanism  and  a  cousiderablo 
expenditure  of  work,  at  a  tiuie  when  there  might  be  water  enough  to 
let  fleets  through,  and  yet  not  sufhcient  to  permit  the  pass  to  remain 
open  for  any  length  of  time. 

Ouptaiu  J.  A.  Wood,  of  Pittsburgh,  suggested  a  modification  of  the 
"bear-trap."  He  pro|»)se(l  to  hinge  the  two  gates  together  at  top,  and 
to  maneuver  them  by  chains  wound  around  an  axle  under  tbe  gates, 
to  which  motion  should  be  given  by  steam  or  water  jwwer.  The  upper 
gate  turned  on  an  axle  fasteue^l  to  the  lloor  of  the  pass,  and  the  axis  of 
tbe  lower  gate  was  fastened  to  an  «|>ron  at  its  foot,  which  could  move 
horizontally  in  grooves  ou  the  platform  of  the  })iiss.  This  apron  was  so  > 
N— 6 
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fastened  to  the  |>latrorm  thitt  it  could  not  rise.  By  drawing  it  iip^Htream 
it  canoed  the  gates  to  rise,  and  they  were  lowered  l>y  n-versing  llie 
motion  antil  the  two  gates  were  laid  down  on  the  piatfonii,  and  tbe 
passage  was  left  open.  Tlie  gates  could  not  lie  lowered  into  a  honzon- 
tat  position,  as  in  that  case  ir  would  be  impossible  to  rais<'  tbeni,  fiinpe 
any  force  applie^l  to  tbe  apion  would  be  directly  transmitted  to  the  nxis 
of  tlie  upjier  gate. 

JJo  arrangeDieut  was  uia<Je  for  admitting  water  under  the  gates,  mid 
consequently  the  motive-jiower  had  to  lilt  the  entire  bwiy  of  water  rest- 
ing on  the  gates.  On  this  account  the  greatest  power  would  be  neeilwt 
at  the  comuiencemeut  of  maneureriug,  but  at  this  time  the  lever-ami  of 
the  force  would  be  least,  and  it  would  \>e  acting  at  the  greatest  ilis- 
advantage.  For  these  I'easona  the  board  did  not  deem  it  necessary  to 
experiment  on  <Japtaiu  Wood's  system,  but  contented  themselves  witb 
an  examination  of  his  model. 

I'hera  is  a  remarkable  similarity  between  the  gates  of  Captain  Wood 
and  those  designed  by  M.  Oarro.  In  both  cases  tbe  twin  gates  are 
hinged  to  each  other,  and  in  eacb  case  tbe  lower  end  of  tbe  lower  gale 
is  kept  down  on  an  iron  track.  Captain  Wood,  however,  uses  no  liiiks, 
and  entirely  overlooks  the  advantage  of  utilizing  tbe  natural  water- 
pressure  to  lift  his  gates.  Ou  this  account  he  would  require  Mich  enor- 
mous extraneous  foree  that  his  system  would  be  impracticable  for  Hoy 
considerable  width  of  oi>euing. 

The  Hon.  F.  K.  Brunot,  of  Pittsburgh,  exhibited  to  tbe  board  a  smnll 
model  of  a  floating  hydraulic  gate,  which  seems  to  meet  the  require- 
ments of  the  case.  Mr.  Brunot  only  presented  the  model,  leaving  the 
completion  of  the  details  necessary  to  put  it  in  practice  to  be  elaborated 
by  ns.  His  system  is  shown,  in  section,  on  Plate  17,  Figs.  9l»,  01,  K. 
It  consists  substantially  of  a  hollow  caisson  or  ponton  of  the  length  of 
the  desired  oi>euing,  (see  Fig.  Sli,)  and  of  suitable  width  and  depth. 
A  chamber  is  excavated  in  the  dam  at  the  place  chosen  for  the  gate, 
and  when  tbe  latter  is  in  place  and  lowered,  the  top  of  the  caisson  is 
even  with  the  floor  of  tbe  pass,  and  tbe  passage  is  free.  The  up-streaiD 
edge  of  the  top  of  tbe  gate  is  securely  hinged  to  the  up-stream  edge  of 
the  gate  chamber. 

Two  methods  of  maneuvering  tbe  gate  were  proposed  by  the  inventor. 
Tbe  first  method  was  to  make  a  connection  between  the  chamber  anil 
the  pool  above  the  dam,  so  that  the  bydnistalic  pressure  of  the  np\>ei 
level  might  raise  tbe  gate.  It  could  only  rise  in  an  incbned  iK>sition,a'i 
the  upper  edge  would  be  held  down  by  the  binges.  To  lower  the  gate 
the  connection  with  the  upper  pool  would  be  closeil  and  that  with  tbe 
lower  one  opened,  and  tbe  gate  would  fall  on  the  removal  of  the  water- 
pressure.  The  service  of  the  gate  would  be  simple  and  inexpensive,  a." 
one  man  only  would  l)e  required,  and  his  work  would  be  limited  tn 
opening  and  closing  valves.  One  objection  to  this  method  of  workiiifr 
is  that  a  cei  tain  amount  of  play  is  necessary  between  the  gate  and  tbe 
lower  side  of  the  chamber  in  oixler  to  prevent  danger  ttnm  jamiuin^- 
The  width  of  this  opening  could  banlly  be  less  thau  2  inches,  and  this 
width  into  the  length  of  the  opening  (2(H)  feet)  would  give  a  total 
opening  of  3^^  square  fi'et.  In  order,  therefore,  to  retain  within  the 
chamber  the  pressure  of  the  upper  pool,  it  would  be  necessary  to  hme 
a  cbanuel  of  communication  with  it  of  a  greater  sectional  area  than  33.4 
square  feet.  As  this  jiressure  would  have  to  be  kept  up  during  tbe 
season  of  low  water,  there  would  ensue  such  an  exjienditure  of  water 
that,  in  many  localities,  the  gate  could  not  be  used.     On  the  Monouc* 
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hela,  where  the  first  pass  with  hydraulic  gat«  should  be  built,  the  How 
<luriri){  summer  is  oft^u  iiisulhci«nt  to  supply  the  lutikage. 

Anotlit^r  objection  to  this  method  is  that  it  will  ofteutimes  be  neces- 
sary to  lower  the  g-.ite  and  open  tlie  itaHS  when  the  water  in  the  lower 
pool  is  even  vkith  tLe  top  of  the  chamber.  In  this  case  our  experimeuts 
iudicatetl  that  the  water- pressure  on  top  of  the  gate  would  uot  suffice  to 
make  it  fall. 

The  other  method  suggested  by  Mr.  Ernnot  is  to  fill  the  gate  with 
wat«r  when  the  chute  is  to  be  opened,  and  to  pump  the  water  out  when 
il  is  to  be  closed.  This  will,  nndoubtedly,  secura  tbe  desired  result  be- 
youd  any  i>osKibility  of  failure,  do  matter  what  may  be  the  difference 
of  level  between  the  two  pools,  and  this  is  the  method  which  we  recom- 
mend. The  power  necessary  to  do  the  pumping  can  always  be  had  from 
the  fall  at  tbe  dam,  and  a  turbine-wheel  iu  a  well  in  tbe  abutment  would 
be  the  natural  method  of  applying  it. 

There  is  a  danger  that  sediment  may  enter  the  chamber  of  the  Branot 
gate  through  the  opeuing  left  for  plaj',  and  also  that  sticks  aud  stones 
may  get  fast  iu  it  and  interfere  with  the  movemeut  of  the  gate.  For 
this  reason,  and  in  order  to  secure  a  tighter  chamber,  we  thought  that 
the  system  shown  iu  section  in  Figs.  88  and  89,  on  Plate  16,  would  be 
better.  In  this  the  Brunot  gate  is  hinged  to  the  lower  edge  of  tbe  cham- 
ber, and  a  heavy  wooden  apron  rests  on  it,  which  is  hinged  above  the 
chamber  to  the  platform  of  the  chute.  This  system  gives  ample  play  to 
the  gate,  aud  almost  entirely  obviates  any  trouble  from  sediment  and 
from  floating  bodies  or  stones  rolled  along  by  the  current.  It  is,  in 
fact,  a  combination  of  the  Brunot  aud  the  "  bear-trap  "  systems.  There 
is  also  a  very  striking  nimilarity  to  the  main  part  of  the  Krantz  system, 
tbe  chief  difference  lieiug  io  the  method  of  fastening  the  apron.  It  is 
au  apparent  objection  to  the  Krantz  system  that  tbe  cavity  prepared 
for  tbe  lower  end  of  the  apron  might  be  filled  with  sediment  or  ob- 
structed by  stones  and  gravel  rolled  along  the  bed  of  the  stream.  We 
finally,  however,  concluded  to  abandon  this  combiuatiuu,  because  we 
found  that  by  putting  a  shoulder  on  the  lower  edge  of  the  Brunot  gate, 
as  shown  in  Figs.  HO  and  91,  we  could  retain  snfiicient  play,  and  yet  make 
a  tight  fit  against  the  chamber-wall,  and  because  iu  elaborating  the 
details  of  filling  and  opeuing  the  gate  in  the  combined  8yst«m,  we  fonnd 
many  practical  difficulties  that  do  uot  exist  in  the  Brunot  system  proper. 
In  the  combination  of  the  two  systems  the  apmn  would  have  to  be  very 
wide,  for  the  same  reason  as  iu  the  "  bear-trap  ".proper,  and  it  would  be 
open  to  the  same  objections. 

Col.  P.  J.  Sehopp,  C.  E.,  suggested  what  he  termed  a  "  triangular 
caisson  dam,"  but  as  it  consisted  substantially  of  a  nnmbor  of  Brunot 
caissons  of  triangular  cross-section,  each  provided  with  an  independent 
chamber,  and  maneuvered  iu  succession,  we  did  not  deem  it  necessary 
to  test  the  plan  in  a  model.  He  proposed  working  his  gates  entirely  by 
changing  the  pressure  of  the  water  under  them,  but,  as  we  have  previ- 
ously stated,  our  experiments  on  modeis  indicated  that  this  method  would 
sometimes  fail,  and  the  application  of  tbe  pumping  system  to  a  number 
of  caissons  would  increase  the  difficulties  of  working,  without  correspond- 
ing advantages. 

The  system  now  in  use  on  tbe  Yonne  and  Seine  has  the  advantage  of 
being  the  gradual  growth  of  long  years  of  study  and  experiment,  and 
will,  undoubtedly,  at  least  on  the  Upper  Ohio,  radically  improve  the 
navigation.  The  question  before  us,  therefore,  is  whether  this  system 
is  the  best  tbat  can  be  devised  for  such  navigatioo  as  is  used  on  the 
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Ohio  River,  or  whether  we  cauuot  obtfliii  a  metlwHi  more  suited  to  our 
wants.  * 

As  can  be  seen  from  the  tlisciission,  and  from  the  tables  which  have 
been  given,  the  French  system  ^iveH  5  feet. in  depth  at  the  head  of  eath 
l»ool,  and  the  lifts,  or  difierences  of  level  between  the  pools,  vary  on  tlie 
Seine  ffoiu  4  ft^et  5  inches,  at  the  Meliin  l>am,  to  9  feet  10  inches  at  Port- 
iirAnglaiH.  The  lutter  titt  in  exce|itiona11y  i;reat,  on  acconnt  of  tb« 
wish  to  avoid  couBtructing  a  dam  within  the  limits  of  i'uris,  the  next 
greatest  lift  l>eiug  6  Jeet  1  inch,  at  Ablon. 

At  the  La  Madeleine  1>am,  which  may  bo  taken  as  a  sample,  tbe  toits 
of  the  wickets  of  the  imss,  when  up,  are  8  inches  lower  than  those  «f 
the  wickets  of  the  weir,  and  they  are  4  laches  below  the  surface  of  Ihe 
upper  pool.  Four  inches  is  therefore  the  minimum  depth  of  water  that 
is  expected  to  pour  over  the  tops  of  the  wickets  of  the  pass.  During 
this  stage  the  water  of  the  pool  below  stiinds  against  the  back  of  thr 
pass-wickets,  at  a  vei'tical  height  of  4  feet  4  inches.  Hhoutd  the  wnter 
get  too  low  to  give  four  inches  over  the  tops  of  the  [>uss-wiokets,  the 
dam  can  be  tightened  by  temporarily  coveiing  the  spaces  left  between 
the  wickets. 

The  length  of  the  shortest  pool  on  the  Upper  Seine  is  3.38  miles  and 
that  of  the  longest  seven  miles.  The  fall  of  the  river  between  the  Varen- 
nes  and  the  La  Cave  Dams,  a  distance  of  18.63  miles,  is  23  feet,  or  an 
average  of  about  15  inches  per  mile,  while  between  the  same  dam  and 
that  at  Port- ^1' An  gin  is,  a  distance  of  56  miles,  the  fall  is  60  feet,  whirh 
is  an  average  of  about  13  inches  to  the  mile.  The  average  fall  of  the 
Ohio  in  the  first  twenty  miles  of  its  course  is  IT  inches  per  mile,  but  this 
slope  rapidly  changes,  and  iu  the  first  fifty-six  miles  the  fall  is  53.3  feet, 
or  at  the  rate  of  about  llj  inches  per  mile.  The  slopes  of  the  two  rivers, 
in  the  portions  compared,  are  thus  seen  to  be  nearly  the  same,  tboagb 
the  greatest  floods  iu  the  Ohio,  in  the  sections  oompaied,  vary  from  3j 
to  45  feet,  while  iu  the  Upper  Seine  they  only  vary  from  16  to  33  feet 
As  might  be  expect^^d  from  the  greater  height  of  floods,  the  banks  of 
the  Ohio  are  much  higher  above  low-water  than  those  of  the  Seine,  aud 
therefore  higher  dams  can  be  built  without  greater  danger  of  overflow. 

One  objection  to  all  the  French  systems  is  that  the  mechanism  con- 
sists of  a  great  number  of  parts,  all  of  which  must  be  kept  in  }>erfeci 
working  order,  a  thing  which  is  less  difBcult  in  France  thau  in  tbe 
former  country  because  thei'e  is  a  long-established  and  well-organized  aud 
trained  body  of  inspectors,  engineers,  lock  and  dam  tenders,  and  assist- 
ants, whose  lives  are  devoted  to  such  work,  and  who  are  thoroughly  capa- 
ble of  attending  to  it.  The  lack  of  such  a  body  in  the  United  StaUs 
makes  it  eminently  desirable  that  all  machinery  should  tte  of  the  simplest 
possible  kind,  and  we  believe  that  the  plan  which  we  recommend  lias 
at  least  this  merit. 

Another  and  more  serious  objection  to  the  French  systems  comes  from 
the  greater  cold  of  our  climate,  and  the  greater  danger  of  injury  bv 
ice.  The  account  already  given  shows  that  the  Seine  dams  were  greatly 
endangered  by  an  unnsual  cold  of  21°.  As  this  is  a  very  common  tem- 
perature with  lis,  and  as  the  thermometer  is  not  unfiequently  below 
zero,  it  is  manifest  that  the  danger  mentioned  would  be  both  more  fre- 
quently encountered  in  this  country,  aud  more  dangerous  when  eiiconut- 
ered,  particularly  in  view  of  the  higher  and  more  sudden  floods,  and  tlie 
greater  mass^'s  of  drift-wood.  Therefore,  with  our  present  informatioo, 
we  think  it  would  be  better  to  test  the  Brunot  gate  in  preference  to 
adopting  the  French  systems  thus  far  in  use.  If  the  test  is  unsatisfac- 
tory, we  still  have  them  to  fall  back  on,  while  if  it  is  a  success  we  he- 
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lieve  that  we  ^vill  have  a  simpler,  stronger,  and  more  readily  handled 
apparatng. 

Shonlii  the  system  which  we  recommeod  for  trial  be  adopted,  we  will 
fiod  ourselves  provided  with  a  navigation  that  differs  in  many  particu- 
lars from  that  used  in  France.  In  the  latter  country,  as  soon  as  the 
natural  depth  in  the  river  is  less  thau  5  feet,  the  passes  are  closed,  and 
all  navigation  in  either  direction  is  carried  on  through  the  locks.  Ou 
otir  system,  if  we  can  get  a  gate,  as  we  think  we  can,  that  can  be  opened 
in  two  minutes,  and  closed  in  Ave,  it  will  be  quite  practicable  to  keep 
up  an  intermittent  down-stream  navigation  through  the  pass  through- 
out almost  the  whole  year,  as  the  opening  of  the  gate  for  not  to  exceed 
ten  minutes  at  a  time,  (whi<:h,  allowing  for  diminished  discharge  while 
being  opened  and  shut,  will  make  the  total  expenditure  of  water  about 
equal  to  a  full  0[>ening  of  the  chute  for  5  minutes,)  will  probably  niTt 
injuriously  lower  the  level  of  the  upper  pool.  We  would  thus  have  a 
natural  down-stream  navigation  througliuut  almost  the  entire  year, 
which  would  he  an  immense  advantage,  since  our  heavy  ])rodncts,  such 
as  coal  and  manufactured  iron,  all  go  down  the  river.  To  counterbal- 
ance this  advantage,  we  would  have  the  disadvantage  of  forcing  all  up 
stream  navigation,  except  in  very  high  water,  to  pass  through  the  locks. 
The  latter  would  hare  to  be  higher  than  the  French  locks,  and  our  ex- 
penditures for  masonry  and  timber  for  the  dam,  and  inclined  plane, 
would  mnch  exceed  theirs.  To  counterbalance  this,  we  have  simpler 
consti uctions,  less  complicated  mechanism,  (which  is  both  very  costly, 
and  must  be  carefully  watched  and  kept  in  order,)  and  probably  less 
expense  for  attendance.  It  is,  therefore,  mainly  on  account  of  the 
special  character  of  our  climate  and  of  onr  navigation,  that  we  recom- 
mend that  a  system  differing  from  those  used  in  S'rance  be  first  tested, 
in  preference  to  copying  what  are  saccessful  in  their  native  country,  but 
which  might  not  work  so  well  here.  We  wish  it  to  be  specially  under- 
stood, that  while  we  have  attempted  to  collect  all  available  information 
on  this  subject,  we  do  not  presume  to  decide  the  question  now,  bnt  limit 
ourselves  to  recommending  a  preliminary  experiment.  Having,  there- 
fore, decided  in  favor  of  an  experiment  upon  the  plan  proposed  by  Mr. 
Brunof,  it  now  remains  to  elaborate  its  details. 

There  are  two  methods  of  filling  the  gate — by  opening  valves  in  the 
top  of  ttie  gate  itself,  or  by  opening  a  pipe  which  communicates  with 
tho  interior  of  the  gate.  As  the  gate  riKos  and  falls  around  a  horizon- 
tal axis,  there  is  some  difficulty  in  devising  an  appiiratus  to  move  these 
valves  at  all  times  which  shall  itself  be  sheltered  from  floating  bo<lies. 
Moreover,  valves  in  the  top  of  the  gate  are  liable  to  injury,  and  they 
weaken  the  gate  where  it  ought  to  be  strongest  For  these  reasons  we 
propose  to  permit  water  to  enter  by  a  pipe  under  the  platform  of  tlie 
chute,  which  shall  connect  with  the  interior  of  the  gate  by  several 
branches  rff  flexible  pipe  entering  just  below  the  hinges.  The  main 
pipe  will  be  controlled  by  a  valve  worked  from  the  abutment,  as  shown 
iu  Fig.  02.  It  is  calculate<l  that  a  two-foot  pi|)e  will  fill  the  experimental 
gate,  MM)  feet  in  length,  in  2  minutes,  which  is,  pi-obahly,  quick  enough. 
To  empty  the  gate  a  centrifugal  pump  is  used  wbose  suction-pipe  has  a 
flexible  length  to  connect  it  with  a  pipe  extending  to  the  bottom  of  the 
gate.  This  pnmp  will  be  stit  in  motion  by  a  turbine  wheel.  The  neces- 
sary power  to  drive  this  pump  was  calculated  by  assuming  .5  minutes 
ae  the  time  for  the  work,  and  taking  the  cjipacity  of  the  experimental 
gate  as  .1,000  cubic  feet,  and  the  lift  as  C  feet.  We,  therefore,  have  a  quan- 
t:ty  of  work  of  375,01(0  footpounds  per  minute,  or  11.4  horsepower. 
The  eBFective  work  of  pumps  is  given  by  Bourne  as  ranging  from  30  tcC 


""Wi. 


65  per  cent,  of  the  power  applied  to  them,  and,  therefore,  with  an  aa- 
Hiimed  efficiency  of  38  per  cent,  we  find  that  we  require  30  horee-power 
to  work  this  pump. 

To  get  the  size  of  turbine  necessary  to  develop  this  eflPective  power, 
we  use  Francis's  formula : 

r 

in  which  P  =  30,  the  eftfective  horsepower,  and 

h  =   C,  the  assumed  head  of  water.     \Ve,  therefore,  find— 
D  =  6.93  feet. 

The  amount  of  wator  necessary  to  supply  this  wheel  is  found  by  tbe 
4>rmula,  also  given  by  Mr,  Francis : 

Q=0.5I>'VA 
Whence  we  find — 

Q  =  58,S  feet  per  second. 

To  supply  tli's  amount  of  water  without  great  velocity,  and,  there- 
fore, without  sensible  loss  of  bead,  the  water  iu  the  channel  leadiu^'  to 
the  turbine  should  have  a  velocity  of  not  more  than  3  feet  per  second; 
and,  therefore,  the  cross-section  of  the  channel  should  be  about  20s(jiifir« 
feet.  We  have,  therefore,  taken  a  width  of  i  feet  and  a  depth  of  5- 
The  positions  of  the  pump  and  turbine  are  shown  in  Fig.  U2. 

It  i»  important  to  have  some  arrangement  for  the  automatic  filling;  of 
the  gate,  should  a  sudden  flood  come  'in  the  night,  or  when  the  gnte- 
teuder  was  absent  or  negligent.  This  is  provided  for  by  a  stationary  pipe 
at  the  fiir  end  of  the  gate,  which  is  Bheltered  fi-om  floating  liodies  b.v 
the  recess  at  the  end  of  the  chamber.  Tbe  height  of  this  pipe  is  siicii 
that  wlieu  there  is  a  greater  depth  iu  the  chute  than  seven  feet,  tb» 
water  overflows  into  tiie  gate.  This  pipe  also  answers  as  an  air-pi|)e 
during  the  maneuvering  of  the  gate. 

The  most  important  navigation  on  the  upper  part  of  the  Ohio  Birer 
Is  the  transport  of  coal,  and  as  this  ti'ansport  is  always  down  streaio, 
and  as  the  iiouderons  coal-fleets  are  not  eiisily  checked  or  sto|>|>ed,  it  i^ 
very  desirable  that  the  process  of  lowering  the  gate  and  opening  cite 
pass  should  be  very  expeditious,  while  there  need  be  no  great  hurry  in 
raising  tbe  gate.  The  system  proposed  answers  these  ends  pertectlr. 
One  man  can  maneuver  the  gate,  and  it  can  be  filled  with  any  desiwi 
rapidity.  If  the  2foot  pipe  should  not  do  the  work  fast  enough,  there 
is  no  difficulty  whatever  in  using  oue  of  greater  diameter.  After  the 
fleet  has  passed,  the  attendant  has  only  to  o|ieu  the  gate  of  the  turbiue. 
and  in  a  few  minutes  the  pass  is  closed.  It  seems  hardly  possible  to 
devise  a  system  that  could  promise  better  results. 

In  onler  to  sc;our  out  any  sediment  that  may  accumulate  in  the  cham- 
ber, a  culvert  is  uiade  at  the  far  end,  and  inlet  pipes  at  the  abutmerit- 
As  this  operation  wonhl  seldom  be  necessary,  ([wssibly  once  a  year,)  it 
is  believe<I  that  the  management  of  the  valve  at  the  far  end  would  offer 
no  practical  difficulty.  Excepting  this  one  valve,  a)l  the  mecbanism  is 
on  the  abutment,  and  is  therefore  always  accessible. 

Besides  the  gate,  tbe  shape  and  details  of  the  pa^s  require  special  at- 
tention. In  order  to  acquire  knowletige  in  the  working  of  passes,  or 
chutes,  as  they  are  frequently  callwl,  the  board  weiit  to  Lock  Haven,  iu 
Pennsylvania,  and  examined  the  chute  in  the  dam  across  tbe  Su8t|ue' 
hanna  at  that  place.  This  chute  and  dam  are  shown  in  Fig.  36,  plaici 
The  length  of  the  chute  is  l,2i>o  feet,  and  its  wi<lth  is  31  feet.    The  dtfl'er- 
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ence  of  level,  in  low  water,  between  the  pool  and  the  river  below,  is  11 
feet,  and  the  slope  of  the  cbute  is  1  in  142. 

There  is  no  gate  at  its  head,  as  it  is  left  open  until  the  water  above 
becomes  too  low,  and  then  a  temporary  dam  of  plank,  resting  against  a 
horizontal  beam,  is  constructed.  The  chute  waa  nnfortunately  closed 
when  we  visited  it,  bnt  we  obtained  mnch  information  about  it  from  an 
ex-oflBcer  of  pngiDeers,  Mr.  R.  W.  Petrikin,  residing  in  Lock  Haven. 
We  learned  that  it  was  only  nsed  in  running  rafts  down  the  river,  and 
that  there  was  a  marked  wave  at  its  entrance,  and  also  that  rafts  in 
passing  out  of  the  chute  into  the  river  were  generally  submerged.  At 
the  Williamsport  chute,  on  the  same  river,  rafts  dive  so  much  that  in 
order  to  diminish  this  tendency  they  are  forced  to  use,  at  the  lower  end 
of  the  chute,  floating  timbers  with  one  end  fastened  to  the  bottom. 
Neither  the  wave  at  the  head  of  these  chutes  nor  the  diving  at  the  foot 
is  injurious  to  rafts,  hut  they  would  be  to  coal-fleets,  A  very  imi>ortant 
matter  of  detail  is  to  make  as  ranch  friction  as  jwssible  on  the  bottom 
and  sides  of  the  chute,  so  as  to  rctanl  the  velocity-of  the  water.  The 
superiority  of  the  Lock  Haven  cbute  to  the  others  on  the  8asquehanna 
is  attributed,  in  some  measure,  to  the  fact  that  it  has  a  stone  bottom, 
while  others  have  wood.  The  stone  paving  haa  become  so  rough  that 
it  cheeks  the  current  very  appreuiabty. 

The  board  believe  that  by  a  Judicious  widening  of  the  head  of  the 
chnte,  so  as  to  cause  a  large  body  of  water  to  enter,  the  bead- wave  can 
be  almost  if  not  entirely  obviated,  and  that  a  sbuilar  widening  at  the 
foot  would  probably  work  equally  well  there.  But  these  and  other  de- 
tails can  only  be  settled  by  actual  trial,  and  without  sach  trial  they 
would  l»e  unwilling  to  recommeud  the  system  for  use  on  the  Ohio.  If  it 
in  a  sncttess,  there  need  no  longer  be  any  difi'creuce  of  opinion  about  the 
radical  improvement  of  that  river.  As  such  vast  interests  depend  upon 
this  trial,  they  would  most  urgently  press  its  importance  upou  Congress. 

To  test  the  whole  scheme,  the  Monougahela  S^avigation  Company,  who 
need  something  of  the  kind  for  their  own  use,  offer  the  use  of  the  lowest 
dam  on  the  Monongabela  for  a  chute  101)  feet  in  width,  or  half  the  width 
proposed  for  ultimate  adoption  on  the  Ohio.  The  two  locks  in  their 
dam  No.  1  are  insufficient  to  transact  the  rush  of  business  that  crowds 
upon  them  whenever  there  is  a  coal-boat  rise  in  the  Ohio,  and  many 
coal-imrges  lose  an  opportunity  of  getting  to  market  on  account  of  the 
impossibility  of  getting  through  the  locks  in  time.  If  the  cbnte  proves 
a  success,  barges  can  safely  lie  in  pool  No.  1  until  a  rise  comes,  and 
then  pass  down  the  river  promptly.  An  indirect  re.sult  would  be  to 
add  pool  No.  1  to  the  harbor  of  Pittsburgh,  which  is  now  gieatlj  over- 
crowded. 

The  Monongabela  Navigation  Company  is,  therefore,  equally  interestetl 
with  the  United  States  in  finding  a  successful  solution  to  the  problem 
before  ns. 

Tbey  therefore,  through  their  president,  Hon.  J.  K.  Moorhead,  offer 
for  this  purpose  their  dam  No.  I,  and  agree  to  pay  one-half  the  coat  of 
the  experiment,  it  being  understood  that  iu  case  of  success  they  are  to 
become  the  owners  of  the  gate  and  chute. 

This  proposition  seems  to  ns  a  fair  one  to  both  parties,  and  we  would 
therefore  recommend  its  acceptance.  According  to  the  most  careful 
estimate  that  we  have  been  able  to  make,  the  cost  of  putting  in  a  cbnte 
lUO  feet  wide,  with  a  movable  hydraulic  gate,  the  bottom  of  the  cbute 
being  4  feet  below  the  crest  of  the  dam,  will  be  $80,000.  We  would 
therefore  urgently  recommend  the  appropriation,  by  Congress,  of  $40,000 
for  the  purpose  of  experimenting  with  a  navigable  chnte,  to  be  opened 
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and  c)oae<l  liy  a  hjdranlic  g:atc,  iii  one  of  the  dams  of  the  MoDonga- 
he) a  Navigation  Company,  provitled  that  tlie  chute  and  ^te  be  cod- 
atnicted  in  accordance  with  the  plans  of  the  United  Staten  en^oeerin 
charge  of  the  iinproTement  of  the  Ohio  BivpT,  and  provided,  also,  that 
the  Monongahela  Navigation  Company  shall  pay  oue-half  the  actual 
cost  of  construction,  witlioat  any  charge  for  the  use  of  tbeir  dam  or  of 
such  tools  or  working- machinery  as  they  may  have  on  hand.  It  shootd 
also  be  agreed  that,  in  consideration  of  the  foregoing  provisions,  the 
chute  and  gate  shall  become  the  proi>erty  of  the  said  Navigation  Oom- 
pauy,  but  that  both  chute  and  gate  shall  be  subject  to  such  changes  or 
moditications,  at  the  joint  expense  of  the  United  (States  and  the  Navi- 
gation Company,  as  may  be  directed  by  the  United  States  engineer  in 
charge,  until  in  his  opinion  further  change  or  experiment  is  unnecessary. 
It  should  further  be  agreed  that  in  case  the  experiment  should  .prove  a 
failure,  the  Uuiteil  States  shall  be  liable  for  no  charges  for  the  cost  of 
removing  said  chute  and  gate,  and  restoring  the  dam  to  its  origiiml 
condition. 

There  are  still  many  details  to  be  elaborated  iu  the  practical  constrnc- 
tion  of  the  Brunot  ^ate  which  the  pressing  necessity  for  an  early  reivort, 
and  the  unexpected  amount  of  time  and  labor  required  to  collect  the 
foregoing  information,  make  it  Imiwssibe  for  the  boiird  to  complete. 
Tliey  believe,  however,  that  they  have  sufficiently  covered  the  subject  iii 
the  foregoing,  and  would  recommend  that  the  duty  of  prepariug  the  prac- 
tical details  of  constmction  be  assigned  to  the  engineer  in  charge  of  the 
improvement  of  the  Ohio  River. 

Hespectfully  submitted. 

G.  Wbitzbl, 
Major  of  Engineers,  Brevet  Major-General^  U.  3.  A. 
W.  E.  Merbiix, 
Major  of  Engineerg  and  Brevet  Colonel. 

Brig.  Gen.  A.  A.  Humphbess, 

Chief  0/ Engineers,  U.  8.  A. 


IMPROVEMENT  OF  THE  MONOKGAHELA  RIVER. 

In  my  report  of  September  1,  1873,  the  progress  of  this  work  was 
given  up  to  that  date.  Thi.s  consisted  in  the  purchase  of  land  for  the  site 
of  tbe  proxH)sed  lock  and  dam  at  Hoard's  Kocks,  W.  Va.,  and  the  letting 
of  a  contract  for  the  construction  of  the  lock. 

Work  was  begun  by  the  contractors  in  opening  a  quarry  for  stone  io 
September  last,  and  soon  after  tbe  excavation  for  fouudatiou  was  com- 
menced. The  progress  of  the  work  has  thus  far  lieen  slow,  and  1  hardly 
think  it  probable  that  tbe  contractors  will  be  able  to  complete  tbe  look 
this  season,  as  contemplated  by  their  contract.  The  excavation  for  the 
foundation  is  now  complete,  and  a  large  quantity  of  stone  of  all  classes 
is  ready  for  the  walls.  From  present  appearances,  not  over  five  or  sis 
courses  will  be  built  by  the  close  of  the  season.  These,  however,  are 
tbe  ones  that  are  most  troublesome  and  most  subject  to  delay  by  ri.iw 
in  tbe  river,  and  by  laud-slides.  After  they  are  finished,  the  work  gad 
progress  smoothly  and  rapidly. 

The  funds  appropriated  for  this  work  will  probably  be  sutficient  t« 
complete  the  lock,  and  a  small  margin  may  be  left  toward  building  the 
dam.    The  additional  sum  of  $22,000  will,  however,  be  necessary  t« 


89 

complete  the  improveraeut  at  Hoard's  Rocks,  being  tlie  diETereuce  be- 
tween my  estimate  for  the  curreut  year  ($17,000)  and  the  anioaat 
($25,000)  appropriated  by  act  of  June  23, 1874. 

To  complete  the  improrement  of  thia  river  so  as  to  properly  conoect 
with  the  slack-TFuiter  system  already  established  ou  the  Lower  Mononga- 
hela,  will  rettmi-e  two  additional  locks  and  dams,  one  of  which  should 
be  built  at  or  near  Cheat  River  Itipple,  and  the  other  at  Jacob's  Creek. 
In  estimating  for  a  lock  at  Cheat  River  Ripple,  1  only  do  so  l>ecau8e 
a  lock  must  be  bailt  at  or  near  this  ])lace  in  order  to  carry  out  the  sys- 
tem  of  improvement  recommended  by  me  and  approved  by  Congress. 
The  cinestinii  as  to  who  should  build  it  is  au  open  one,  as  this  matter 
has  never  been  settled;  but  presuming  that  my  opinion  wonld  be  de- 
liired,  I  give  it  herewith.  I  think  that  it  wonld  be  better  if  the  United 
k^tates  were  to  build  this  lock,  although  it  is  in  the  State  of  Pennsyl- 
vania. The  Monongahela  NiivigatioQ  Company  is  bound  by  law  to 
make  a  navigation  to  the  State-line,  bnt  not  beyond  it.  The  Hoard's 
Rocks  lock  is  beyond  this  line,  and  a  good  navigation  cannot  be 
made  np  to  it  without  two  more  locks,  or  one,  besides  the  one  which 
the  company  must  build.  But  should  they  comply  with  their  obli- 
gation and  boild  a  lock  with  a  lift  of  16  feet,  the  one  to  be  built 
by  the  TJuited  States  nee<l  have  only  4  feet  of  lift.  The  16'ibot 
lock  would  have  a  lift  that  experience  has  shown  to  be  too  great 
for  Dsetiil  service  and  the  4-foot  lock  would  have  an  absurdly  small 
lift.  As  a  matter  of  law,  I  suppose  that  the  navigation  company 
could  be  comi>elled  to  build  the  lower  10-foot  lock  and  pay  a  proportion 
of  the  coat  of  another  lock  of  equal  lift  above.  As  a  matter  of  expedi- 
ency, however,  I  would  recommeod  that  the  United  States  assame  the 
entire  cost,  and,  therefore,  the  undivided  control  of  the  lock  at  Cheat 
River  Ripple,  only  requiring  of  the  Navigation  Company  a  relinquish- 
ment of  all  claiin  to  control  the  navigation  of  that  part  of  the  Alononga- 
hela,  and  an  agreement  that  the  lock,  which  they  must  build,  shall  have 
6  feet  at  low  water  over  its  own  lower  miter-sill,  and  shall  raise  the  sur- 
face of  the  water  10  feet.  Several  of  the  locks  on  the  present  navigation 
have  but  4  feet  on  their  lower  miter-sills  in  low  water,  but  the  Company 
is  now  engaged  in  raising  its  dams  so  as  to  give  6  feet,  and  my  own  cal- 
culations have  all  been  based  on  a  6-foot  navigation  in  the  part  of  the 
river  in  the  State  o"  West  Virginia. 

If  the  Onited  St  ttes  should  build  the  lock  suggested  it  will  require 
au  appropriation  of  $110,000 ;  I  therefore  make  a  contingeut  estimate 
for  this  amount,  presuming  that  all  legal  questions  as  to  its  construc- 
tion will  be  settled  with  the  navigation  company  by  the  proi>er 
antborities. 


Completion  of  dam  at  Hoard'a  Rocks $22, 000 

Dam  at  or  uear  Cbeat  River  Ripple,  P» 110,0(10 

132.000 
A  statement  of  the  finHUciiil  condition  of  this  work  at  the  close  of  the 
fiscal  year  is  hereto  annexed. 

Financial  statement. 

Ilalance  in  Treasury  of  United  Slates  July  1, 1873 890, 000  00 

Deduct  anion nt  expended  in  last  Uscal  year 40!)  14 

A muunt  appropriated  by  act  approved  Jnne  23,  li574 25,000  00 

Aiuuunl  expended  dnritii;  tbe  uxcal  year  eodiDg  June  HO,  1(^4 6,1*^  V.i 

Amonut  available  Jnly  1.  la74,  ($I0!:(, 470.73  — 8403.84) 10a,0«6  8» 

Amouut  required  for  th«  fiscal  yeacendiug  June  30,  1876 132,000  00   (j 


IMPKOVEMENT  OF  THE  GREAT  KANAWHA  KIVEE. 

Mr.  A.  M.  Scott  has  been  my  assiBtant  en^Deer  in  local  charge  of  the 
GoverDment  work  on  this  river. 

The  flrHt  appropriation  for  the  improvement  of  this  river  was  made 
for  the  fiscal  year  J873-'T4,  and  my  last  annual  report  contaiod  a 
statement  of  the  contracts  made  under  that  appropriation,  and  an  ac- 
count of  the  work  done  under  it  up  to  September  1, 1873.  The  present 
report  will  bring  up  the  record  to  August  15,  1874,  at  which  dwte,  in 
obedience  to  your  orders,  the  work  was  trausferred  to  Maj.  W,  P  Craig- 
hill.  Corps  of  Engineers, 

The  last  annual  report  stated  tbat  contracts  bad  been  made  for  work 
at  Cabin  Creek  Shoals,  Elk  Shoals,  and  Two  mile  Shoal. 

Cabin  Creek  Snoals. — Sixteen  miles  above  Cliarleston,  and  seventy- 
three  and  a  half  miles  above  the  mouth. 

This  coLtract  was  let  soon  after  1  took  charge  of  the  river,  and  before 
Mr.  Scott,  the  superiuteudent,  had  an  opirortunity  to  acquire  aufficieiit 
local  knowledge  of  its  pecnliarities.  It  being  important  to  get  to  woit 
as  si>eedily  as  possible,  in  order  to  utilize  the  low-water  season,  I  told 
Mr.  Scott  to  follow  the  advice  of  the  Kanawha  board,  and  make  the 
best  estimates  that  he  conld.  The  contractor  for  this  work  also  got  tbe 
contracts  at  Elk  Shoal  and  Two-mile,  and  spent  ail  his  time  on  them. 
He  died  before  he  could  begin  at  Cabin  Creek,  aud  his  contracts  passed 
into  the  bauds  of  his  executor.  The  latter  asked  to  be  released  from 
the  Cabin  Creek  contract,  and  Mr.  Scott  having  concluded,  after  the 
prepiiration  of  a  detailed  map  of  the  locality,  that  the  proposed  <iit« 
would  not  answer  the  purpose  for  which  it  was  designed,  recommended 
that  the  release  be  granted.  For  the  reasons  assigned  by  Mr.  Scott,  1 
approved  of  the  application  and  yon  granted  the  release.  The  coiitrart 
was  therefore  aunalled,  and  no  work  has  been  done  at  Oabiu  Creek 
Shoals. 

Elk  Slioal. — Half  a  milo  below  Charleston,  and  fifty-seven  miles  above 
the  mouth. 

The  dam  at  this  point  has  been  completed.  The  total  amount  of  stone 
in  the  dam  is  4,427  cubic  yards.  The  original  Improvement  consisted 
of  a  narrow  chute,  varying  in  width  from  110  to  I'M  feet,  bounded  on 
each  side  by  walls  composed  of  loose  stone  and  of  material  dredged  to 
make  the  chute.  This  method  of  improvement  was  useful  to  packets, 
but  injurious  to  coal-lleets,  as  the  chute  was  too  narrow  for  their  UNe, 
and  in  cousequeuce  they  ran  entirely  outside  of  it  whenever  the  sbige 
oi'  water  would  permit.  To  remedy  this,  the  right  wall  of  the  chute 
was  removed,  and  the  opening  was  made  lUO  feet  wider,  but  the  space 
taken  in  was  left  at  a  higher  level  than  the  bottom  of  the  chute,  in  or- 
der not  to  iucrease  the  width  of  channel  in  dead  low-water.  This 
work  was  done  by  hired  labor  and  has  been  completed.  It  necessitated 
tlie  removal  of  4,300  cubic  yards  of  stone,  gravel,  aud  bowlders.  Tbe 
dike  starts  at  the  right  bank,  aud  connects  with  the  new  right-hand 
wall  of  the  chute. 

Two-mile  SJioal. — ^Two  miles  below  Charleston,  and  fifty-five  mil<s 
above  the  month. 

The  dam  at  this  place  has  been  completed.  There  were  used  in  its 
constt'uction  4,128  cubic  yanis  of  stone  aud  79  cords  of  brush.  It  was 
built  in  order  to  stop  the  waste  of  water  behind  Blaine's  Islaud. 
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REMOVraa  OBSTRUCTIOKS. 

My  last  annnal  report  (p.  507,  Report  of  Chief  of  Engineers,  1873)  de- 
scritied  tbe  large  grapple  vrhich  1  had  caused  to  be  made  for  use  on  the 
Great  Kanawbaand  Ohio  rivers,  its  special  use  being  to  raise  large  bowl- 
ders lying  iu  the  bed  ofthe  river,  and  too  large  to  be  lifted  by  any  ordinary 
hoisting-npparatus.  This  machine  has  done  admirable  service,  although 
it  can  only  work  occasionally,  when  the  river  happens  to  Imj  low  and 
clear. 

In  Octol>er.  1873,  112  large  rocks  and  10  snags  were  removed,  and 
three  wrecks  of  sunken  coal-barges  were  torn  to  pieces  in  fonrWeu  days. 

The  grapple  was  not  osed  in  the  Ktinawha  again  until  July,  1874. 
During  this  month  its  work  was  as  follows : 

Cabin  Creek. — Took  18  rocks  from  foot  of  shoals ;  deposited  them  in 
11  feet  water  above  Ault'a  Landing.  Two  lying  in  the  right  of  channel 
wtre  too  large  for  tbe  grapple,  and  were  blasted  and  removed. 

Witcher'a  Creek. — Iteuioved  from  foot  of  shoal  a  large  sycamore  100 
feet  long, 

Machine  Ripple. — Took  twelve  rocks  from  this  place.  Several  of  them 
were  large  and  badly  spike -marked. 

CampbeiPs  Creek. — Kemoved  several  logs  from  this  landing. 

Tico-miU  Shoal. — A  large  stump  from  Young  Two-mile,  and  two  logs 
from  chaniiel  at  mouth  of  creek. 

Island  Skoal. — Eemoved  a  stump  6  feet  in  diameter  from  foot  of 
chute. 

Tyler  Slioal. — From  head  of  chute,  4  big  bowlders. 

Peeled  Maple. — Took  out  25  big  rocks  and  a  large  root. 

One  mite  above  CoaPs  Mouth. — Moved  Christy's  Kock  to  left  shore. 

CoaPs  Mouth. — Took  a  sycainore  100  teet  long  and  5  feet  in  diameter, 
with  a  bnd  root,  from  the  landing. 

Scarff. — Removed  4  rocks  and  a  snag  from  head  of  chute. 

A'ear  George  Wright's  Landing. — Took  2  big  elms  and  a  large  rock 
from  the  middle  of  the  river. 

Tacket  Shoal. — Four  rocks  from  foot ;  one  of  them  was  very  large  and 
badly  rubbed  and  marked. 

Tiro  mills  beUiic  Tacket. — Took  a  large  snag  from  the  middle  of  tbe 
river. 

.S'lonmer'ff  Shallows. — Blasted  and  took  out  2  large  rocks. 

One  mile  abore  Sed  Hovne. — Blasted,  and  removed  in  five  pieces  a 
well-known  troublesome  rock. 

Med  Houfie, — A  big  rock  and  a  small  snag  from  foot  of  shoal. 

lAttle  Hurricane  Ripple. — Removed  9  rocks  from  head  of  chute. 

Washington  Shallows. — Thirteen  bowlders. 

Tucket's  Creek  Jfnr.— Took  ofl"  13  rocks. 

Big  Hurricane. — Moved  14  large  rocks  from  this  ripple, 

QiHespie^s  Ripple. — Fifteen  rocks  from  head ;  one,  very  large,  was 
blasted  and  taken  out,  and  a  large  sycamore  from  foot  of  ripple. 

Vintreaux  Shallows. — Nearly  four  days  were  spent  in  these  shallows; 
ill  all  91  rocks  were  removed;  several  of  them  had  to  be  blasted. 

Mary's  Shallows. — Took  from  lower  end  23  rocks. 

Knob  Shoal. — Removed  4  dangerous  rocks  from  toot. 

Buffalo  Shoal. — Itemoved  32  rocks  here,  several  of  them  very  large; 
considerable  time  spent. 

Biiffalti  Shallows. — Eemoved  20  rocks;  also  a  big  snag  from  opposite 
Widow  Sibbrell's  landing. 

Xear  Atkinson's  Landing. — Took  out  a  snag  and  4  rocks.  .  iDOqIc 


Eighteen-Mile. — A  bad  rock  from  the  ripple. 

Arbuckie  tiltoal. — Itemoved  3  rocks  fi-om  head  and  a  very  large  elm 
from  foot  of  chute. 

Thirteen-Mile  Shoal. — Six  rocks  and  i  troablesome  logs. 

Ten-Mile. — Two  very  large  trees. 

Three-Mile  Bar. — Took  out  a  bud  sycumore  snag  about  75  feet  lonp;. 

The  Kanawha  board  were  so  much  pleaaed  with  tbe  work  of  this 
grapple  in  removing  from  the  river  many  large  rocks,  that  for  years  bnA 
been  the  terror  of  pilots,  that  tit  their  request  I  had  a  desigu  prepan^ 
for  the  smaller  grapple,  to  be  used  by  them  in  removing  the  smaller 
rocks,  for  whivh  tbe  large  grapi>le  was  not  well  fitted. 

PURCHASE  OP  MAPS. 

The  general  map  of  the  river  which  we  use,  was  made  by  Messrs. 
Lorraine  aud  Bjers  in  1856-'57.  The  set  transferred  to  me  by  Major 
Craigbill  was  incomplete,  but  negotiations  were  then  in  progress  for 
the  purchase  from  tbe  widow  of  Mr.  Byers  of  the  missing  maps  and 
profiles.  With  the  approval  of  yourself  aud  of  the  Secretary  of  War,  I 
purchased  these  documents  from  Mrs.  Byers  for  fifteen  hundred  dollars. 
Our  general  map  is  thei-efore  complete. 

During  tbe  year,  Mr.  Scott,  witb  one  assistant,  bas  been  employed  iu 
copying  and  arranging  the  purchased  material,  and  in  making  detailed 
surveys  at  places  where  improvements  were  contemplated.  Detailed 
maps  on  a  scale  of  one  inch  to  200  feet  have  been  made  of  Gabin-C're«t 
Sboal,  Witcher's  Creek  Shoal,  and  of  tbe  rivei  from  Charlestou  lu 
the  foot  of  Wilson's  Island. 

KEW  APPROPEIATION. 

At  its  last  session  Congress  appropriated  $26,0UO  for  tbe  improve- 
ment of  tbe  Great  Kanawba.  As  I  have  been  directed  to  transfer  tlie 
charge  of  this  river  to  Major  Craigbill,  1  offer  no  project  for  the  es{)eud- 
itnre  of  this  sum)  nor  do. I  submit  any  estimate  for  tbe  fiscal  vear 
1876-'76. 

Financial  statement. 

Balance  in  Treasary  of  United  States  July  1,  1873 |25,0(»i«' 

Deduct  amoaut  oxpendod  in  Jftst  tiaoal  jeaj" Xfl?^ 

Aniouot  ajipropriated  by  act  approved  Juoe  23,  1S74 25,00(HAI 

Anionnt  exiwnded  liiirinR  the  fiscal  year  enilinn  Jnne  30,  1874 14,31:2^1 

Amouut  available  July  I,  1874,  (*a5,3iiJ.81-4i^00.54) 34,MI^ 


IMPROVEMENT  OF  THE  WABASH  RIVER. 

Mr.  F.  Stein  has  been  my  assistant  engineer  in  local  charge  of  tliis 
work. 

The  work  of  snagging  and  dredging  in  the  lower  end  of  tbe  river  and 
tbe  rock -excavation  and  construction  of  wiugdam  at  Coflfee  Island 
Chute,  all  of  which  were  under  contract  with  Mr.  R.  Mackenzie,  daleil 
August  27,  1872,  have  been  completed,  and  the  contracts  closed.  The 
following  is  a  summary  of  the  work  done  under  this  contract : 

SnaKgiiig  in  the  lower  river,  134  dajb. 


Dredging  ia  tbe  lower  river,  llfi  (lays. 

Kiick -excavation  at  Coffee  Island  Cnnte,  10,809,65  cubic  yards.       'immiIi> 

Wiug-dam  at  Coffeo  LtUud  Cliute,  40,307  cubic  yards.  -  i».JV'yiv_ 
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Of  this  work  103  days'  Bnafigiiig,  79  daya'  dredf^ing,  and  6,450  cubic 
yards  rock -excavation  were  doDe  in  tlie  fiRcal  year  1872-73,  aa  previously 
re|K>rte<l.    The  remainder  waa  done  during  the  last  fiscal  year. 

The  river  ia  now  clear  of  auags  and  obstructions,  and  haa  had  it«  chan- 
nel dredged  for  a  distance  from  its  mouth  of  31  miles.  The  improve- 
meot  of  Coffee  Island  Chute  one  huudi-ed  and  three  miles  above  the 
mouth  does  not  eoiineet  immediately  with  the  improvements  on  the  lower 
end  of  the  river,  bat  this  place  was  selected  by  my  predecessor,  Major 
VVttitzel,  because  at  the  time  the  available  funds  were  insufticient  to 
cotnplete  any  more  important  improvement. 

Under  the  appropriation  of  March  3,  1873,  ($50,000,)  a  contract  was 
entered  into  with  Messrs.  Myers  and  D©  Ham  for  23,000  cnbic  yards  of 
rock -excavation  at  the  Grand  Chain,  thirty-eight  miles  from  the  mouth 
of  the  river.  This  work  was  begun  dunng  the  month  of  August,  and 
was  continued  nntil  December;  11,710  cubic  yards  of  excavation  were 
mode  daring  this  time,  leaving  8,290  cubic  yards  still  to  be  removed. 
The  contract  provides  that  this  work  shall  be  completed  by  December  1, 
1873,  and  work  on  it  is  now  in  active  progress, 

The  next  point  which  is  in  pressing  need  of  improvement  is  the  Grand 
Bapids,  one  hundred  and  twelve  miles  from  the  month  of  the  river,  at 
irbich  plac«  the  ruins  of  a  lock  and  dam  constructed  by  the  Wabash 
Navigation  Company  aggravate  the  natural  condition  of  things,  and 
render  these  rapids  impassable,  except  in  high  stages  of  water.  1  would 
resi)ectfully  refer  to  my  last  anunal  report  (Report  of  the  Chief  of  Engi- 
neers for  1873,  p.  511)  for  a  fiUI  history  of  the  lock  and  dam  and  its 
present  relation  to  the  improvement  of  the  river. 

I>eemiug  it  indispensable  that  the  Grand  Eapids  should  be  overcome 
by  the  reconstruction  of  a  lock  and  dam,  a  special  survey  was  commenced, 
aad  at  the  close  of  the  fiscal  year  was  still  in  progress,  to  determine 
^vhether  the  new  lock  should  be  built  upon  the  site  of  the  old  one,  or  be 
placed  about  two  milea  further  down  and  just  below  the  mouth  of  White 
liiver.  The  advantages  of  the  latter  location  are  that  a  lock  and  dam 
bere  would  obviate  the  necessity  of  any  further  improvement  of  the 
White  River  Shoals,  and  would  at  the  same  time  improve  the  navigation 
of  the  White  Kiver.  Since  the  close  of  the  fiscal  year  this  survey  has 
been  completed,  and  from  it  I  conclade  that,  on  account  of  the  lowness 
of  tbf.  banks  of  the  Wabash  and  of  the  White  in  the  vicinity  of  the  pro- 
posed site  at  White  River  Shoals,  it  would  be  inexpedient  to  remove  the 
dam  from  its  present  position,  aud  therefore  I  recommend  the  retention 
of  the  old  site. 

An  appropriation  to  rebuild  the  Grand  Rapids  Lock  was  asked  for  in 
my  last  annual  report,  but,  by  act  of  June  23, 1874,  Congress  appropri- 
ated only  $25,000  for  contiuning  the  improvement  of  the  Wabash  River, 
adding  a  proviso : 

Tliat  a  portion  of  this  appropriatiou,  not  eiiceediug  $9,000,  maj^  bo  used  by  the  Secre- 
t»ry  of  War,  iu  hia  iliHcrittion,  fur  the  eitingnishiuent  of  anj  riuht,  titl»,  or  ulaiui  of 
tiie  Wabiwib  Navtttation  Conipauy  iu  tbe  lock  and  dam  at  Grand  Kapida,  on  auid  river, 
Hiid  other  property  said  conipauy  ma;  claim  on  Baid  river;  and  for  tbeextioKtiiHliuieut 
uf  any  rij^bt  aaid  oompauy  may  liuvo  to  attiitt  or  interfere  in  any  way  with  the  uaviga- 
zivo  of  aaiil  river;  but  no  part  of  tbis  appropriation  sbatl  be  expended  until  aaid  niivi- 
rri'tion  coDipauy  aball  have  reliuiiuiobed  all  rigbt  to  control  or  otburwioe,  in  any  man- 
ner, iuterl'ere  with  or  aS'eet  tbe  free  navigatiuu  of  said  river. 

This  proviso  forbids  any  new  work  on  the  Wabash  until  tbe  rights  of 
tbe  Navigation  Company  have  been  extinguished.  A  pro^wsitiou  for 
ttie  sale  of  their  rights  aud  franchises  has  been  received  from  this 
company,  and  has  been  referred  to  the  prosier  authorities  for  action. 
jN-fter  the  purchase  is  made,  a  project  for  the  applityttion  of  tbe  remain- 
cJ«r  of  this  appropriation  will  be  sabmitted  to  the  Chief  of  Engineers.     -^^ 
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ESTIMATE  FOE  YEAtt  1875-76. 

For  rebnililiiie  the  Grand  Eapids  Lock (110,601' 

This  aniQ  dues  not  incliido  tiie  amoniit  DeceHsary  for  rMousti'uctiiig  tiie 
dam,  aa  it  ia  thought  better  t-o  def«r  tlio  biiililitig  ol  tbis  part  of  rhe  work 
nutil  tbe  completion  of  tbe  lock,  for  wbiob  at  leiist  one  seoBon  will  bo  re- 
quire«l. 

For  cleariHK  out  tbe  chote  eoHt  of  tbe  Little  Cbain G,M 

ThiH  is  one  of  tbe  poiutH  nAiiiud  b;  Majnt  Weitzel  for  im prove ineDt  in  bin 
report  dated  Janiiarj  4.  len'i,  {lk|>i>rt  to  tbe  (^lief  of  En){iueerH,  ier2,  p.  47:2.) 
The  object  of  this  estimate  ia  ainiply  to  remove  buhkh,  large  nnmuers  ol 
whicb  have  lodged  liere.  It  ia  expected  that  wbea  tbe»e  are  removed  tbe 
action  of  the  current  will  aufficieiitly  niden  acid  deepen  tbia  cbnte,  and  thus 
enable  Bt«ani boats  to  entirely  avoid  the  Little  Chain. 
For  contingent  expenses IJ  W 

Total m,m 

'  The  construction  of  a  dam  at  New  Harmony  to  close  tbe  cnt-oft'  at 
.that  place,  and  tbus  retain  in  the  main  channel  tbe  whole  volume  of  tbe 
river,  is  very  much  needed.  I  have  omitted  this  work  from  the  alwve 
list,  because  I  hope  to  be  able  to  build  this  dum  out  of  what  ia  left  of  the 
year's  appropriation  after  the  purchase  of  the  lands  and  fi-ancbises  of 
the  Navigation  Company. 

A  statement  of  the  financial  condition  of  this  improvement  is  herelo 
annexed. 

Financial  statement. 

Balance  in  Trea«iir.r  of  tbe  United  States  Joly  1,1873 |66,(»0  W 

Ataonat  in  handa  of  officer  and  subject  to  bis  check,  (including  $3,772.83 

percent-age  dne  on  contracts  not  yet  completed) 5,fV43  *) 

Amonnt  ftppropriftt«d  by  act  approved  JnuelU,  1874 SS.IKKI  (* 

Amount  expended  dnring  the  tiacal  year  ending;  June  30, 1674.   47,  .°>^  ^ 

Amount  available  July  1.  1874,  ($47,Sti4.05— i3,*J47-«>) 45,S36» 

Amount  required  for  tbe  ftacat  year  ending  June  30, 1876 130,000  M 


No  aunnal  inspection  was  made  during  low-water  of  last  autumn,  the 
projier  sesison  for  inspecting,  as  Lieutenant  Mahau,  to  whom  I  had 
asKigned  this  duty,  was  suddenly  entered  by  telegraph  to  proceed  to 
Savannah,  and  I  had  no  one  whom  I  could  send  in  his  place.  As  Uie 
ganges  were  generally  in  good  order,  I  thought  it  advisable  to  disjienw 
with  an  inspection,  and  to  put  the  sum  thus  saved  into  the  i-econtttnie- 
tion  in  a  permanent  manner  of  such  gauges  aa  were  located  where  the 
banks  were  of  sufficient  stability  to  permit  such  construction. 

Fort  Leavenirorth  gauge. — This  gauge  is  in  good  oriler,  and  has  given 
no  trouble  during  the  jiast  year.  The  Missouri  Kiver  was  closed  by  ii< 
from  the  4th  to  tbe  27th  of  January,  and  from  the  Slst  of  the  same 
mouth  to  the  4th  of  March,  though  during  this  period  it  was  frequently 
open  in  places.  Ihe  first  ice  in  the  river  was  ou  the  IJSth  of  November. 
Mr.  W.  N.  Metz  ia  still  the  gauge  observer. 

Bock  Island  gauge. — This  gauge  is  a  permanent  one,  being  cut  on  the 
pivot-pier  of  the  draw  of  the  Government  bridge.  The  tirat  Uttatiiif! 
ice  appeared  in  the  latter  part  of  November.  The  ice  began  to  breat 
np  atx>ut  3  p.  m.  on  tbe  8th  of  March,  (gauge  reading,  11.40,)  and  gor^ 
at  4  p.  m.,   opposite    Bock  Island  water-works,  (gauge  retfuUng,  lOU 
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and  15  at  5  p.  m.)  Od  the  oigtit  of  the  9tb  the  water  rose  to  15.75, 
but  tbe  gor;^  held  fast.  Ou  the  10th,  the  iee  finally  moved  oS.  Mr.  G. 
F.  Evans  has  been  tbe  gauge-observer  throughout  the  yetir. 

Saiat  Loaia  gauge. — Since  the  date  of  my  last  report  1  have  had  a 
siilistautial  iron  gauge  coDstnicted  ou  the  eity  wharf  at  the  place  where 
the  old  records  were  taken  by  levelings,  before  the  sigual-service  gauge 
was  placetl  at  t  be  elevator.  Tbe  esact  location  of  the  gauge  is  opt>o»it« 
^o.  4  South  Front  street.  The  coustructiou  is  similar  to  that  first  used 
at  Memphis,  and  described  in  my  report  of  February  19, 1872,  (Report 
of  Chief  of  Engineers,  1872,  p.  426.) 

Piles  from  10  to  15  feet  in  length,  and  8  feet  apart,  were  driven  on  the 
line  oi  the  gauge.  These  were  capped  by  an  8-inch  stringer,  and  on  this 
was  flrndy  spiked  a  rail  road -rail.  The  paving  of  the  wharf  was  then 
re-set  close  up  to  tbe  rail,  leaving  nothing  visible  after  the  work  was 
doue  but  the  top  of  the  rail,  on  which  the  gauge  was  marked  with  steel 
stamps.  The  7«ro  of  the  new  gauge  is  the  low  water  of  1863.  The 
reading  on  it  of  the  city  directrix  is  33.81.  The  gauge  extends  to  2  feet 
below  low-water,  its  lower  end  being  supported  by  two  extra  piles  mid 
beams.  For  its  eiigineeriug,  I  am  indebted  to  Mr.  Julius  Kapp,  assist- 
ant to  Mr.  J.  B.  Moaltou,  the  city  engineer.  The  latter  gentleman  gave 
me  all  the  facilities  of  bis  office,  and  whatever  assistance  and  informa- 
tion I  needed. 

In  order  to  correct  erroneous  back  records,  I  directed  Mr.  Leopold, 
tbe  gauge-observer,  to  take  synchronous  observations  on  the  gauge  ac 
the  elevator,  and  on  the  new  iron-gauge.  These  observations  did  not 
give  very  satisfactory  results,  as  the  difi'ereoce  in  the  readings  varied 
at  the  same  stage  in  the  river.  After  comparing  the  differences  graphi- 
cally and  numerically,  I  established  the  following  table  of  corrections, 
to  be  applied  to  the  readings  ou  the  gauge  at  the  elevator  : 

Between  4  and  7  subtract 0.80 

But  ween  7  and  11  aabtract 0.80 

BetweoD  11  and  14  subtract 0.90 

Between  14  and  17  subtract 1.00 

Between  17  and  19  subtract 1.05 

Above  19  subtract 1.10 

The  gaage-records  which  I  send  herewith  have  been  corrected  on 
this  system. 

Mr.  Jacob  Leopold  continues  to  be  gauge-observer. 

Cairo  tjauge. — Aa  Cairo  is  the  most  important  point  in  the  Mississippi 
Valley  for  water-gauge  observations,  1  hud  even  stronger  reasons  for 
constructing  a  permanent  gauge  here  than  at  St.  Louts.  The  old  gauge 
at  tbe  freight-warehonse  had  become  warped  by  the  sun  and  injured 
by  the  chains  and  cables  of  steamboats,  and  besides  it  was  at  a  distance 
from  the  main  wharf.  Tbe  place  chosen  for  the  new  gauge  is  at  the 
lower  end  of  the  paved  wharf  at  the  foot  of  Fourth  street,  the  old  one 
having  been  at  the  foot  of  Fifteenth.  The  distance  between  the  two 
giiuges  is  2,836  feet. 

Owing  to  the  instability  of  the  Cairo  levee,  Mr,  Charles  Thmpp,  the 
en^ueer  in  charge,  thought  it  advisable  to  support  the  stringer  on 
small  trestles  with  mud-sills.  These  trestles  have  6  by  8  inch  caps,  6  by 
6  inch  posts,  and  a  12  by  4  inch  mud-sill.  The  posta  are  fastened  to  the 
cip  by  tenons  and  treenails,  and  to  the  sill  by  wedges  and  spikes. 
Tbe  stringer  is  of  oak,  with  a  section  8  by  12  inches,  and  is  firmly 
fastened  to  each  trestle-cap  by  ^-inch  screw-bolts.  The  trestles  are  4 
feet  in  height  and  6  feet  apart.  The  gauge  proper  is  an  iron  bar  4  by 
^  incb  coantersank  into  the  stringer.    The  gauge  is  a  first-class  one  ia 
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every  respect,  aud  reflects  great  credit  on  Mr.  Tliropp.  The  zero  oftbe 
new  fr<iuge  ia  M  the  same  level  as  the  zero  of  the  old  one.  Mr.  M.  S. 
Ensiiiinger,  tbe  city  whart-master,  coutiniiea  as  gauge-observer. 

The  following  bench-marks  in  Cairo  were  com muuieateU  in  Decein 
ber,  1867,  to  my  predecesaor  in  charfje  of  the  Ohio  River,  Mr.  \V.  Mil- 
nor  Roberta,  by  Mr.  J.  P.  Hely,  engineer,  Cairo  City  property.  Tliej 
are  here  recorded  for  futnre  ase.  Tbey  are  referred  to  the  city  datum- 
line,  which  reads  on  tbe  United  States  gauge  O.lti. 

Grade  of  Ohio  levee «.« 

Urwleof  the  llliHois  Centu   Railroad  on  Ohioleve«) «.« 

Qnule  of  Miwiwiippi  levee W.iS 

DooMill  St.  Charles  Hotel,  nortlienst  comer 43. -i 

Hour-Bill  Adlei's  store, between  Fourth  and  Sixth il.Kt 

Door-eill  Donelly'a  Wore,  between  Eight«euth  aud  Twentieth J3.> 

Upper  Louisville  gauge. — The  observer  at  this  station  has  also  char;^ 
of  the  gauge  at  the  foot  of  tbe  canal,  the  two  gauges  being  about  twi> 
miles  apart.  The  npjier  gauge  is  also  repeated  on  the  wall  just  above 
the  guard-gates,  in  close  proximity  to  tbe  lower  gauge.  I  therefore  con- 
cluded that  it  would  be  better  to  atop  reading  the  gauge  at  tbe  head  of 
the  canal,  and  to  take  both  readings  at  the  guard-gates.  The  rea<lin^ 
herewith  forwanled  were  thus  taken. 

Lower  LouinvUle  gauge. — In  my  last  report  I  stated  that  the  stone- 
cutter who  cut  tbe  first  gauge  had  made  an  error  which  amountPii  to 
about  5  inches  in  the  highest  reading.  With  tbe  assistance  of  Capt 
M.  B.  Adams,  Corps  of  Engineers,  who  kindly  superintended  the  work.  I 
have  had  a  new  gauge  cut  at  the  toot  of  tbe  canal  which  is  correct.  Mr. 
William  Reynolds  was  the  gange-ob.'^erver  until  May  3,  since  which 
time  the  record  has  been  kept  by  Mr.  J.  B.  Thompson. 

NoKkvilte  gauge. — There  being  no  gauge  on  the  Cumberland  River,  I 
asked  Mr.  8.  Thayer  Abert,  then  in  charge  of  tbe  work  on  the  Cumber- 
land River,  to  construct  one  for  me  at  Nashville,  requesting  him,  if  pos- 
sible, to  put  in  an  irou-gauge.  As  tbe  natural  shore  at  tbe  S'ashvillf 
wharf  is  solid  rock,  the  method  of  constructing  the  substructare  varied 
somewhat  from  the  method  used  at  St.  Louis  aud  Cairo. 

The  following  is  takeu  from  Mr.  Abert's  report : 

The  trench  for  the  fonudation  has  )>een  excavated,  partly  in  rock,  partly  in  compMi 
clay.  Upon  this  bed,  eills  6  by  6  inches  by  4^  feet,  placed  every  6  feet,  sapport  a  cdd- 
tinnons  string-piece  of  tbe  eanie  dinieuaioDS  and  12  feet  long,  halved  and  spiked  at  lb« 
johitH  and  the  ailU  beneath,  irpoa  this,  rolled  iron,  4  by  }  inches  by  IG  fuel,  is  I'i''- 
with  ends  ftbutting,  and  secured  to  the  atring-pieceB  witn  four  l-in«b  Hpikcs  at  di*- 
tancee  apart  of  1  foot,  aud  upou  altt^riiatu  edges  of  the  iron.  Serena  were  niwi  n 
roail-croa«ings,  as  tbe  cedar,  although  live  tituen  aa  dnrable  as  oak,  dues  not  hold  t\aih 
so  well.  The  gsnge  is  protected  from  18  inches  to  2  feet  on  each  side  with  sabsuntial 
paviutt-  The  upper  end  teriuiaatt^s  on  front  street,  but  doeo  not  cross  it.  The  oWr^i- 
tion  of  floods  above  this  point  must  be  trunsferred  to  the  marks  on  Harrison's  Hton. 
A  line  has  been  cut,  at  every  di;,laucc  eguiviileut  to  one  vertical  loot,  with  a  coid-chiscJ. 
In  acme  cases  these  marks  ci'oss  the  iron  obli(]uely,  on  account  of  the  diflereDce  of  levrl 
in  the  two  sides;  a  small  difference  in  elevation  making  a  noticeable  differeuve  ia  di!' 
tvice. 

The  low-water  reference  ia  1  foot  below  the  low-water  of  last  snmmer,  and  very  neit 
eitraordiuary  low- water.    The  following  levels  are  referred  to  tbe  same  Keru: 

Top  of  secoDd  course  of  Wood&  Simpson's  boiler-shop Si.'ii'- 

Top  of  curb-stoue  ut  tamp- post,  Harrisou's  comet 4^.  I'll 

Top  of  curb-stone  at  south  went  coroer  Broad  aud  Front  streets ot'.i'J- 

Top  of  sili-uourse,  (marked  x.)  Harrison  &  Sou's  corner !>l).  To* 

True  high- water  mark,  HarriHou's  comer,  notched  1S47 , fil-ft" 

High- water  mark  in  paint,  Harrison's  corner,  Iril? 5S.K 

The  entire  length  of  the  gauge  is  304  feet.  High-water  mark  Sl.fr'' 
is  Itij.UOU  on  the  city-levels.  Regular  gauge-observations  began  on  tin' 
17th  of  August,  1873.    Mr.  H.  H.  Harrison  is  the  gauge-observer. 
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Florence  muge. — This  gauge  has  required  no  repairs  during  the  year. 
Mr.  W,  P.  Stradlbrd  is  still  the  gauge-observer. 

Slemphis  gauge. — This  gauge  was  jmrtly  constructed  by  me  and  partly 
by  the  city  of  Memphis,  (Iteiwrt  of  Chief  of  Engineers,  1872,  p.  430.)  I 
regret  to  atate  that  the  lower  portiou  of  the  city's  part  ha<l  to  be  taken 
up  ou  account  of  the  caving  into  the  river  of  that  part  of  the  wharf  on 
which  it  vod  built.  This  gauge  therefore  needs  repair.  It  will  be  diffi- 
cult to  miike  a  permanent  gauge  at  Memphis  nutil  the  city  protects  the 
foot  of  its  wharf  below  lowwaler  by  riprap  or  similar  covering.  I 
urged  this  when  the  gauge  was  first  constructed,  but  without  succeeding 
in  getting  my  recoDiinendationB  adopted.  Mr.  VV.  L.  Trask  continues 
as  gauge- observer. 

Jacksonport  gauge. — No  repairs  have  been  needed  ou  this  gauge  dnriug 
the  past  year.    Mr.  W.  E,  Bevens  is  still  the  gauge-observer. 

Little  Bock  gauge. — The  lowest  section  of  this  gauge  is  of  wood,  fast- 
ened to  the  vertical  timber-wall  at  the  foot  of  the  wharf.  During  very 
low  water,  mud  and  sand  accumulat*  so  rapidly  at  the  foot  of  the  gauge 
that  a  trench  must  be  dug  every  morning  to  get  an  observation.  I 
thought  of  remedying  this  difficulty  by  duplicating  the  lowest  section 
of  the  gauge  by  cutting  it  ou  the  rocks  above  the  landing.  The  lowest 
bid  I  could  get  for  this  work  was  $150,  and  therefore  I  abandoned  the 
idea.  On  the  night  of  the  5th  of  February  the  brick  house  to  which 
the  upper  section  of  the  gauge  was  attached  was  destroyed  by  fire,  but 
the  gauge,  which  was  fastened  on  the  out«r  wall  of  the  cellar,  was  not 
injured.  Since  that  time  the  owners  of  the  building  have  been  ordered 
by  the  city  authorities  to  take  down  the  walls.  The  gauge  needs  inspec- 
tion and  probably  a  partial  recoustructiou.  Mr.  Jossph  Meyer  is  still 
the  gauge-observer. 

Helena  gauge. — The  gauge  at  this  place  was  injured  in  July,  187-3,  by  a 
coal-barge  .standing  on  it,  but  tlie  observer  made  teuvporary  repairs  and 
kept  it  in  fair  coudition.  In  June,  1874,  he  reported  that  the  gauge  needed 
reconstruction,  as  some  of  the  sections  were  inaccurate  from  settlement, 
and  others  had  been  injured  by  drift  and  barges.  He  thought  that  the 
bank  should  he  graded,  aud  a  heavier  gauge  constructed.  1  authorized 
this  work  to  be  done,  but  directed  that  the  gauge  should  not  be  marked 
without  orders.  The  reconstruction  of  the  gauge  is  yet  incomplete. 
Mr.  J.  B.  Miles  continues  to  he  gauge -observer. 

Gauge  at  moutli  of  White  Ricer. — This  gauge  needs  a  total  reconstruc- 
tion, and  it  may  be  advisable  to  change  its  location  to  Terrene,  on  the 
Mississippi  shore.  lu  my  last  report  1  stated  that  the  old  gauge  had 
been  carried  away  by  the  caving  of  the  banks.  Being  unable  to  send 
any  one  to  White  Jliver  at  the  time,  I  directed  the  observer  to  make  a 
new  guage  on  the  plan  of  the  old  one,  and  mark  it  as  iiucurately  as  he 
could.  This  gauge  also  was  destroyed  in  June,  1874,  and  the  observer 
was  directed  to  reconstruct  it,  the  greater  part  of  the  material  having 
been  saved.  This  has  not  yet  been  done,  and  the  record  is  kept  by 
temporary  marks.  Capt.  F.  C.  Kendall  has  been  the  observer  during 
the  year. 

Lake  Providence  gauge. — In  July,  1873,  the  falliog  of  the  river  revealed 
the  fact  that  below  the  24-foot  mark  the  guage  wivs  gone,  probably  de- 
stroyed by  the  ice  of  the  preceding  winter.  The  record  has  since  theu 
been  kept  np  by  temj^orary  stakes.  The  gaugt*  jirobiibly  needs  recon- 
stractiou.  There  is  a  duplicate  high-wiitcr  section  of  this  gauge  tliat 
will  keep  an  accurate  record  of  Hoods,  even  should  the  whole  of  the 
original  gituge  be  washed  away.  Mr.  8.  T.  Le  Jfay  is  still  the  gauge-ob- 
server. ^^doqIc 
S—'i  ^ 


98 

Viclsburg  gauge. — The  observer  of  this  station  reports  that  he  ibinlis 
that  the  elevator-piles  to  which  the  gauge  is  attached  have  settled,  and 
he  recommends  aa  instrameiital  examioatioD.  This  matter,  however, 
has  been  unavoidably  postponed.  Mr.D.P.  Fitbian  has  been  tbegange- 
observer  during  the  year. 

Nateliez  gauge, — There  has  been  no  tronble  with  this  gange  during  the 
past  year.  The  bench-mark  on  Mrs.  Cannes  house  having  become  eu- 
daugered  by  the  rotting  of  the  wooden  door-sill,  the  observer  had  a 
new  bench  established  on  the  iron  (Joor-siU  of  Kay  &  Grant's  store.  Sir. 
L.  F.  Carvi-y  was  the  observer  from  April  27, 1873,  until  his  decease,  on 
the  nth  of  August,  X874.  The  gauge  is  uow  under  charge  of  Jlr.  J.  B. 
O'Brien. 

Red  River  Landing  gauge.— On  August  3,  1873,  the  observer  at  tliis 
station  reported  that  the  lower  section  of  the  gauge  was  niissiug.  It 
was  temporarily,  but  erroneou.sly,  established  by  a  local  engineer,  and 
finally  reconstructed  by  Mr.  C  \V.  Babbitt,  of  Xatchez,  whom  I  sent 
there  for  that  purpose.  Ho  found  that  36  feet  of  the  gauge  requir^il 
reconstruction,  due  to  the  slipping  of  the  banks  and  the  shock  of  a 
loaded  barge.    Maj.  A.  D.  Smith  continues  to  keep  the  gauge-recorils. 

Alexandria  gavge. — The  lower  section  of  this  gange  was  fi-equeDllv 
broken  by  steamboats  striking  agaiust  it,  so  that  it  beca  me  nteftaiy 
to  reconstruct  it  more  securely.  Tlie  observer  employed  Captc  li,  W. 
Briughurst,  the  parish  surveyor,  for  this  purpose.  He  used  8  by.lO-inth 
stringers,  on  uprights  of  the  same  cross-section,  3  feet  in  lengtb,  sup- 
ported on  sandstone.  The  top  of  the  stringer  is  even  with  the  uatiiral 
surface  of  the  bank.  The  length  of  gauge  replaced  was  56  feet,  Not- 
withstanding the  care  taken,  the  gauge  was  again  broken  in  l''ebriifu'.r. 
It  could  not  be  repaired  until  the  present  month.  Capt  J.  A.  \ViIliatus 
has  been  the  observer  since  the  gauge  was  established.. 

Baton  Rovge  gavge. — On  the  5th  of  July,  1873,  the  observer  reportcil 
that  tbe  second  upi  ight  [Kist  was  missing,  and  that  a  part  of  the  incline"' 
gauge  was  gone.  The  damage  is  supposed  to  have  been  done  by  a  raft- 
log.  A  temporary  post  was  at  once  put  in  tbe  place  of  the  missing  one. 
As  tbe  water  continued  to  fall,  it  was  found  that  the  lowest  post  wa* 
out  of  plumb,  having  beeu  stnick  by  a  raft.  This  post  was  straightened 
and  made  8ervi(^able.  I u  October  the  gaugewas  carefully  examined  and 
put  in  good  order  by  Mr.  J.  T.  Van  Pelt,  civil  engineer.  His  report  eon- 
tains  the  following  interesting  items,  that  should  be  preserved  : 

It  mny  be  (leeraed  importaut  by  the  DoparlmcrDt  to  bavo  on  record  tbo  foltoiringi^oii- 
ntctionH,  or  poiuta  of  reference,  irLicli  have  been  made  hs  uie  at  variuus  time^W 
l*bich  bave  beeu  carefully  checked  : 

Mark  on  northeast  corner  of  cbimney  of  old  mill  near  tbe  Kange ^Sl' 

Top  of  stone  bourn,  at  iMJiiudary-line  between  Uuited  Stateu  garriaun  aud 

city  property W.l" 

Beuch-mark  on  State-bouse,  known  aa  tbe  State-bouse  beucb-niark,  whicb  I 

tbinktbat  Colonel  Merrill  ufied  as  bis starttng-poiut ^~'^ 

Low-water  18.'>4,  (bj  Wallet's  records  =:&j,  370  Lwlow  State-bouse  beucb-mark)  I'- 9*' 

Low-water  1851,  (by  Waller's  records) IS"' 

Higb-waleria-il,  {by  Waller's  records  =  ;M. 33  aliove  tow-wafOTlKH) StW' 

Hiich-water  1862,  (by  Waller's  records  =  35. 970  above  low-water  1854) 3fi.D^i' 

H if;b- water  18(i[l,  (measured  by  a  citixeo,  4iincbes  over  tbestuDebouru) ^.** 

Hi«b- water  1871,  (observed  at  tbe  time  by  Van  Pell) 31- J*' 

Tbe  above  readings  differ  eomembat  from  tbose  of  Colonel  Merrill  in  1R73,  bnt  thty 
are  the  resnitoftbreelinesoflevels  run,  first,  bv  S.  W.  Hill,  April  20,  18?1;  second.  I-J 
myself,  May  SO,  lt*7a ;  and,  tbird,  by  myself  aud  Colonel  Lutkett  March  31,  1873.  The 
three  sets  of  levclf,  aud  especially  tbe  last  two,  agree  closely.     Tbe  above  U  an  aveiafi' 
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These  results  are  doubtless  more  correct  than  mine,  which  wereobtained 
very  hurriedly  and  under  unfavorable  circnmsttinces,  and  1  think  that 
they  merit  preservation.  Colonel  Lockett  resigned  his  post  as  ftauge- 
observer  in  June,  1873,  since  which  time  the  gauge  has  been  in  charge 
of  Mr.  W.  X.  Van  Pelt,  the  busiuess-clerk  of  the  University  of  Louis- 
iana. 

Carrollton  gauge. — In  March,  1874,  the  observer  at  this  gauge  reported 
that  two  of  the  sections  of  the  gauge  whiiih  overlapped  differed  0.15  in 
their  readings.  I  at  once  wrote  to  Captain  Howell,  Corps  of  Engineers, 
and  requested  him  to  have  the  gauge  examined.  lie  directed  Lieutenant 
Quiuu  to  make  the  examination,  and  the  latter  reported  that  the  section 
uearest  the  shore  had  settled  U.^C2  foot,  and  the  next  section  0.1C2  foot. 
The  other  sectiouB  were  under  water.  Captain  Howell  promised  to  have 
another  examination  made  in  low  water.  Ou  the  3d  of  the  present  month 
(August)  the  observer  informed  me  by  letter  th«t  the  wharf  had  slipped 
into  the  river,  carr.vin(f  with  it  the  gauge  and  its  nearest  bcncli-mark. 
Jlr.  William  B,  Williams,  civil  engineer,  was  employed  to  put  in  a  tem- 
porary gauge,  and  observations  for  the  present  are  takeu  from  it.  Mr. 
W.  L.  l>ufly  is  still  the  gauge-observer. 

Having  at  my  own  request,  made  on  account  of  the  pressure  of  other 
duties,  been  relieved  from  the  future  charge  of  these  water-gauges,  I  will 
add  a  brief  classitiuatiou  of  them,  as  they  appear  to  my  mind  after  three 
years'  experience. 

The  gauges  at  Eock  Inland,  St.  Louis,  Cairo,  Louisville,  and  Nash- 
ville may  be  cousidereU  as  entirely  permanent.  Those  at  Fort  Leaven- 
worth, Jackson  [Wit,  Florence,  Memphis,  and  Little  Bock  as  Bemi-permu- 
nent;  but  the  others  require  constant  watching  and  continual  repairs. 
The  most  suitable  station  for  the  officer  in  charge  is  at  the  point  most 
central  to  the  unstable  gauges,  and  this  condition  is  admirably  filled  by 
Vicksburg,  the  station  of  my  successor.  The  system  thus  far  carried 
out  has  been  of  great  value  to  the  planting  and  navigation  interests,  and 
I  strongly  recommend  its  continuance.  It  is  for  this  reason  that  1  have 
made  all  the  gauges  as  permanent  as  tbeir  sites  would  peimit.  The 
Cairo  gauge  is  much  the  must  important  of  the  system. 

RECORDS  OF  THE  FLOOD  OP  1874. 

1  directed  all  gauge-observers  to  send  to  this  office  all  information 
that  they  could  obtain  about  the  flood  of  this  spring.  I  had  intended 
compiling  this  information  for  this  report,  but  as  the  whole  subject  has 
lately  been  referred  to  an  engineer  board,  to  whom  I  have  been  directed 
to  turn  over  all  the  information  in  my  possession,  it  is  evidently  unneces- 
sary for  me  to  discuss  t'he  subject. 

1  send  herewith  the  gauge-records  for  the  fiscal  year  1873-'74  at  the 
above  mentioned  gauge- stations.  The  St.  Louis  record  commences  in 
1801,  and  would  have  been  forwarded  last  year  but  for  certain  errors, 
which  have  since  been  corrected. 

Financial  statement. 

Balance  in  TrenBiiry  of  Uniteil  States  July  1,  1873 $5, 000  00 

Amount  id  bauds  olBoer  and  subject  to  liis  cbeck H13  37 

Araouut  allotted  from  appropriation   of  Jnae  2J,  IST4,   for    csamiuationa 

and  BurvejB 5,000  00 

AmoDTit  eipeiidcd  during  tbe  fiscal  year  eudiug  June  30,  l^i 5,TriT  16 

Amount  a vailablB  July  1,  IS74 b.OiG  21 
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United  States  Kkginber  Offipe, 

Cincinnati,  Ohio,  March  20, 1S74. 

General:  Tlie  a«t  of  Congress  approved  March  3,  1873,  making 
appropriations  lor  rivers  and  harbors  contained  tbe  following  clause : 
"And  not  to  exceed  85,000  of  the  above  appropriation  may  be  expended 
in  an  exj)loration  of  routes  for  the  extension  of  the  Chesapeake  and 
Ohio  Canal  to  the  Ohio  Kiver  by  the  north  and  south  branches  of  the 
Potomac  Kiver." 

The  duty  of  making  this  exploration  having  been  assigned  to  me,  and 
being  unable,  on  acconnt  ot  my  other  duties,  to  make  the  survey  in  per- 
son, I  considered  myself  fortunate  in  being  able  to  put  it  in  char^of 
Col.  Thomas  S.  Sedgwick,  late  of  the  volunteer  service,  who  had  served 
under  my  command  in  the  earlier  years  of  the  late  war.  His  report  is 
herewith  forwarded. 

The  idea  that  there  ought  to  be  a  canal  from  tide-water  to  the  Ohio, 
via  the  valley  of  the  Potomac,  is  a  very  old  one,  and  was  a  favorite 
scheme  of  Washington,  who  was  a  stockholder  in  the  Potoninc  Com- 
pany, an  organization  that  began  work  by  attempting  to  improve  the 
channel  of  the  Potomac.  Their  efforts,  however,  were  abortive,  and  the 
project  sinmhered  nntil  it  was  revived  in  18^4,  under  the  auspices  of  the 
National  Government.  During  this  year,  and  1825  and  18:^6,  very  care- 
ful surveys  were  made  along  the  entire  line  of  the  proiKised  canal  from 
Washington  to  Pittsburgh,  special  cure  being  given  to  the  manner  of 
crossing  the  monntains.  The  results  of  these  investigations  are  given 
in  the  copies  of  the  Iteports  of  tbe  Board  of  lutcrual  Improvemeuis, 
which  are  herewith  attaclied  as  Appendix  A. 

The  object  of  the  surveys  of  fifty  years  ago  was  to  discover  a  practi- 
cable water-route  between  the  Potomac  and  the  Ohio.  As  tbe  easteru 
division  of  the  proposed  canal  (that  iwrtion  lying  in  the  valley  of  the 
Potomac)  has  been  bnilt  as  far  as  Cumberland,  I  inferred  that  my 
duty  was  to  ascertain  how  to  extend  this  canal  toward  the  Ohio.  Tlie 
act  itself  required  the  survey  to  be  made  "by  the  north  and  south 
branches  of  tbe  Potomac."  As  tbe  limited  sum  at  my  disposal  made  it 
impracticable  to  run  more  than  one  instrumental  line,  and  as  tbe  south 
branch  of  the  Potomac  enters  the  main  river  seventeen  miles  below  the 
present  head  of  the  canal,  and  dows  from  a  direction  almost  at  right 
angles  to  the  general  line  of  canal,  if  Pittsburgh,  be  considered  aa  its 
objective  point,  I  decided  to  restrict  the  examination  to  the  north  branch 
of  the  Potomac.  Mr,  Benjamin  Latrobe,  late  chief  engineer  of  the  Biii- 
timore  and  Ohio  Itailroad  Gompnuy,  very  kindly  placed  at  the  service 
of  Colonel  Sedgwick  all  of  the  information  which  he  had  acquiaHl 
while  surveying  to  ascertain  the  best  route  for  a  railroad  over  the 
mountains,  and  gave  it  as  decidedly  his  opinion  that  it  was  tiseless  to 
seek,  south  of  the  Baltimore  and  Ohio  Kailroad,  for  a  pass  through 
which  to  carry  a  canal  whoso  westei  ii  terminus  was  desiguetl  to  be  at 
Pittsburgh.  If  there  were  an  intention  of  making  a  connection  with 
the  proi)osed  James  River  and  Kanawha  Canal,  then  the  valley  of  tbe 
south  brnnob  of  the  Potomac  should  be  surveyed,  but  inasmuch  asl 
could  bear  of  no  such  intention  among  those  interested  in  the  extension 
of  the  Obesa]>eake  and  Ohio  Canal,  and  as  such  a  canal,  eveu  if  built, 
would  probably  be  unable  to  divert  any  through  trafflc  from  the  shorter 
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and  easier  lioe  down  tlie  James  River,  I  concluded  to  abandon  the 
BoutU  branch  entirely.  This  survey  was  therefore  restricted  to  a  line 
via  the  north  branch  of  the  Potomac. 

The  Board  of  Internal  Improvements,  in  1825,  reported  a  feasible 
route  via  North  Braucb,  Savage  Eiver,  Crab-Tree  Creek,  Deep  Creek, 
and  the  Yonghiogbeny.  In  IS'M  they  reported  a  tnach  better  route,  at 
a  lower  elevation,  by  way  of  Wills  Creek,  Flangherty's  Creek,  aud  Cas- 
selmau's  Ki  ver  to  its  junction  with  the  Youghiogheny  and  the  other  canal 
line.  The  route  over  the  mountains,  which  Colonel  Sedgwick  selected 
for  examination,  was  intermediate  between  these  two.  Commencing  at 
Cumberland,  it  followed  the  Korth  Branch,  Sdvage  River,  and  Bine  Lick, 
and  then,  by  a  tunnel,  strack  Casselman'a  River  at  the  Plucher  reser- 
voir of  the  Wills  Creek  route;  thence  it  followed  down  the  Casselmaa 
until  it  joined  the  Wills  Creek  route  at  the  mouth  of  Flaugherty.  The 
details  of  these  three  routes  are  given  in  the  accompanying  documenta. 

The  following  is  a  tabulated  8tat«ment  of  the  more  important  features 
of  the  three  routes,  between  Cumberland  and  the  mouth  of  Casselman. 
The  route  recently  surveyed  is  called,  lor  distinction,  the  Savage  River 
^nd  Blue  Lick  route. 
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In  preparing  the  above  table  it  became  necessary  to  determine  the 
elevation  above  tide  of  the  Cumberland  bench-mark.  The  surveys  of 
1828,  and  the  constrnction  of  the  canal,  showed  that  there  was  an  error 
of  69  feet  in  the  levels  of  the  eastern  section  of  the  canal  as  surveyed 
under  the  direction  of  the  Board  of  Internal  Improvements.  The  bottom 
of  the  canal  at  Cumberland  is  603.T5  above  tide,  and  its  surface  (SU!).7i>. 
The  Ooveromeut  bench-mark  was  found  to  be  at  the  elevation  of  632.27 
feet  above  tide.  An  error  in  leveling  was  also  found  between  Cumberland 
and  the  Wills  Creek  tunnel.  As  the  latest  survey  put  this  tunnel 
definitely  at  1,072  above  tide,  that  height  has  been  considered  as  estab- 
lished, and  the  Deep  Creek  tunnel  has  been  placed  436  higher,  accord- 
ing to  the  relative  difference  of  level  found  by  the  Board  of  Internal 
Improvements.  The  lockages  up  to  the  three  tunnels  have  been  calcu- 
lated from  the  present  level  of  the  canal  at  Cumberland. 

A  slight  examination  of  the  above  table  shows  that  the  Wills  Creek 
route  is  greatly  superior  to  the  other  two,  being  shorter  than  either  of 
the  others,  and  having  a  much  lower  summit-level.  It  is  eighteen  miles 
shorter  than  the  Deep  Ci-eek  route,  aud  has  872  feet  less  lockage,  which 
is  e4]uivalent  to  dispensing  with  109  locks.  It  has  a  longer  tunnel,  but 
this  disadvantage  is  more  than  counterbalanced  by  the  other  great  <ul- 
vantages.  As  compared  with  the  Savage  River  and  Blue  Lick  route 
(the  new  route  surveyeil  by  Colonel  Bedgwick)  it  is  twenty-uiue  and  a 
half  miles  shorter,  has  250  feet  less  locknge,  and  its  summitrtunuel  is 
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one  mile  shorter.  It  is,  therefore,  h  better  route  io  every  respect.  Com- 
paring  the  Deep  Creek  route  with  that  by  Savage  River  aud  Blue  [;ick 
we  find  that  the  former  is  eleven  miles  shorter  and  has  a  much  shorter 
Bummit-tunnel,  but  has  616  feet  more  loekage.  As  far  as  time  of  trausit 
is  concerned  we  may  assume  that  eight  minutes  are  required  at  each 
lock  for  passing  a  boat  through,  which  is  equivalent  to  oue  minute  for 
each  foot  of  lift.  The6l6  feet  of  extra  lockage  woold  therefore  re- 
quire six  hundred  and  sixteen  minutes,  or  ten  hours  and  sixteen  minutes, 
during  which  time  a  boat  could  travel  thirty-one  miles  on  a  level.  As 
fur,  therefore,  as  speed  of  passage  is  concerned,  the  new  route  is  ttreoty 
miles  shorter  in  distance,  or  six  hours  and  forty  minutes  qnicker  in  tioie, 
than  the  Deep  Creek  route. 

But  there  is  always  difficulty  in  maintaining  enough  water  for  navi- 
gation in  very  short  levels,  and  therefore  it  is  very  desirable  to  have  the 
locks  as  far  apart  as  possible.  Both  of  the  last-mentioned  routes  follow 
the  same  line  going  west  as  far  tis  the  mouth  of  Grab-Tree,  and  there- 
fore we  need  only  compare  them  west  of  this  point.  On  the  Deep  Creet 
route  the  heads  of  tlie  lock  would  be  at  an  average  distance  apart  of 
351  feet,  but  the  Board  state  that  "  this  is  on  the  supposition  of  a  ani- 
form  declivity,  which  is  far  from  being  the  case,  and  more  es|>eciall;  in 
the  valley  of  Crab-Tree  Creek,  where,  toward  the  head,  the  locks  on 
account  of  tlie  steepness  of  the  ascent  could  not  even  find  room,  unless 
their  lift  should  be  considerably  increased.  To  this  dilSculty  we  must 
add  the  narrowness  of  the  valley,  which  would  oblige  to  resort  to  very 
expensive  means  to  erect,  where  necessary,  double  sets  of  locks,  as  also 
to  shelter  the  work  from  destruction  either  by  high  freshets  or  by  heavy 
showers." 

On  the  Savage  lliverand  Blue  Lick  route  the  average  distance  betireeu 
the  heads  of  locks  from  the  mouth  of  Grab-Tree  to  the  eastern  ]>ortat 
of  the  tunnel  is  651  feet,  and  there  is  no  difUculty  in  preserving  this 
average  throughout  this  part  of  the  line.  This  is  a  very  great  adran- 
tage.  Another  advantage  is  that  the  new  route,  immediaWy  after  cross- 
ing the  summit,  enters  a  rich  conl-bastn  (the  Salisbury)  on  the  other  side 
of  the  mountains.  As  far  as  known,  the  country  on  the  Deep  Creek  route, 
between  the  mouths  of  Crab-Tree  Creek  and  Castelman  Kiver  has  no 
mineral  resources  and  would  funiisb  but  little  business  tothe  canal. 

If,  theretore,  a  choice  were  necessary  between  the  Deep  Creek  and 
the  Savage  Itiver  and  Blue  Lick  routes,  I  think  that  the  preference 
should  be  given  to  the  latter,  altbongh  it  is  proper  to  state  that  thelcmg 
summit-tunnel  will  cause  detentions  that  will  appreciably  reduce  the 
gain  in  time  over  the  Deep  Greek  route. 

An  inspection  of  the  map  shows  that  the  only  other  possible  route  for 
a  canal  between  Cumberland  and  I'itlsburg,  besides  those  already  ex- 
amined, is  by  way  of  the  North  Branch  to  its  head,  and  thence  across 
the  mountains  to  the  Cheat  Kircr.  To  this  route  there  are  several  ob- 
jections. 

1.  The  approximate  height  of  the  headwaters  of  the  North  Branch  at 
Fairfax  Stone  (as  shown  by  Colonel  Sedgwick's  recnnuoissance]  is  l',5i!0 
feet  above  tide,  showing  that  a  tunuel  iu  this  vicinity  would  have  a 
greater  elevation  than  on  any  other  line,  and  that,  therefore,  this  Hue 
would  require  a  much  greater  number  of  locks. 

2.  If  the  canal  did  not  turn  off  before  reaching  the  headspring, it 
could  not  be  supplied  with  water. 

3.  A  route  by  the  !Xorth  Branch  and  Cheat  Itiver  would  be  greatly 
longer  than  by  any  other  line. 

4.  Tlio  Cheat  Biver  is  au  exceptionally  wild  and  dilScnlt  stream,  and 
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the  maintenance  of  a  canal  alongside  of  it  would  be  very  dtfQcnlt  and 
costly. 

{For  a  description  of  Cheat  Eiver  see  Api>endix  A,  page  513.) 

5.  Along  this  line  tbe  country  is  very  sparsely  settled,  and  there  would 
be  but  little  bnsiuess  for  a  canal. 

Any  route  passing  south  of  tbe  Korth  Branch  would  be  still  more  ob- 
jectionable. 

We  therefore  conclude  that,  in  extending  the  Chesapeake  and  Ohio 
Canal,  the  choice  of  routes  is  absolutely  limited  to  the  three  mentioned 
above.    lu  order  of  desirability  they  are  as  follows : 

1.  Wills  Creek  route. 

2.  Savage  River  and  Blue  Lick  route. 

3.  Tbe  Deep  Creek  rwnte. 

As  by  the  appropriation  act  I  was  debarred  from  having  an  instni- 
mental  examination  made  ot  the  Wills  Creek  route,  my  knowledge  of  it 
is  limited  to  the  older  surveys  and  what  could  be  seen  while  passing 
over  the  rsiilroad  between  Cumberland  and  Pittsburg,  which,  except  at 
the  summit,  occupies  throughout  its  whole  length  the  location  chosen 
for  the  canal.  The  valley  of  the  Little  Wills  Creek  is  so  narrow  and  so 
wild,  that  it  is  doubtful  if  the  railroad  has  left  room  for  a  canal ;  but 
this  route  is  so  greatly  superior  to  any  other,  that,  in  ray  opinion,  no 
■work  should  be  done  toward  extending  the  canal  until  a  very  careful 
examination  is  made  of  this  tine,  to  ascertain  if  it  is  still  practicable  for 
a  canal.  As  far  as  the  Salisbury  coal-basin  is  concerned,  it  could  more 
readily  be  reached  by  the  Wills  Creek  route  (if  the  feeder  from  I'leucher's 
-were  made  navigable}  than  by  the  Savage  Biver  and  Blue  Lick  route, 
as  the  distance  from  Salisbury  to  Cumberland  via  Wills  Creek  is  forty- 
three  miles,  while  by  the  Savage  River  it  is  Bfty-seven, 

But  a  canal  by  any  of  these  routes  is  so  very  costly,  that  local  advan- 
tages must  be  entirely  subordinated  to  the  principal  object  of  the  ex- 
penditure. In  this  case  a  connection  between  the  Potomac  and  the 
Ohio  is  tbe  evident  solution  desired,  and  therefore  the  line  chosen  for 
tbe  canal  should  be  such  as  will  give  tbe  most  nsefnl  connection,  regard- 
less of  local  interests. 

After  crossing  the  mountains  the  next  question  is  how  to  descend  the 
valley  of  the  Yonghiogheny.  !No  instrumental  survey  could  be  made  of 
this  part  of  the  route,  but  enough  was  visible  from  the  cars  to  indicate 
that  there  would  be  considerable  difficultj-  in  this  valley,  especially  at 
Ohio  Pile  Falls.  The  route  recommended  by  the  Board  of  Internal  Im- 
provements has  been  occupied  by  the  railroad  from  Cumberland  to 
Pittsburg,  and  an  effort  must  be  made  to  find  room  for  the  canal  ou 
tbe  other  aide  of  the  river.  I  would,  therefore,  recommend  an  appro- 
priation for  this  purpose. 

In  order  to  test  the  value  of  Colonel  Sedgwick's  estimate  of  the  cost 
of  the  summit-tunnel,  I  applied  to  the  authorities  of  the  Baltimore  and 
Ohio  Railroad  for  a  statement  of  the  cost  of  the  Sand-Patch  tunnel, 
which  is  at  about  the  same  place,  though  at  a  higher  elevation,  as  the 
proposed  Wills  Creek  tunnel.  Mr,  Latrol>e  very  kindly  gave  me  full 
particulars,  and,  with  his  consent,  I  append  his  letter  as  Appendix  C. 
This  tunnel,  4,.S00  feet  long,  cost  $420,000,  or  at  the  rate  of  isSLoO  per 
running  foot  for  tunnel  and  approaches.  The  section,  in  the  clear,  of 
tbe  Sand-Patch  tnnnel  is  10  by  I8j,  while  that  of  the  proposed  canal- 
tunnel  will  be  a  segment,  '2ti  feet  in  height,  cut  from  a  circle  whose  ra- 
dius Is  IG  feet.     The  area  of  excavation  for  the  Sand-Patuh  tunnel 
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about  800  square  feet.  The  latter  is,  tlierefure,  two  aud  fourtentbg 
larger  tbao  tbe  railroad-tun  net. 

Colonel  Sedgwick  places  tlie  cost  of  his  five-mile  tniinel  at  $8,346,000, 
whicb  l8  at  the  rate  of  81,(>G9,200  i»er  mile,  or  $31li  per  ruuniiigfoot. 
At  this  rate  a  tunnel  of  the  Bectioiml  area  of  tlie  Sand- Patch  tuunel 
would  cost  $132  per  running  foot,  which  is  51  per  cent,  more  p^r  ma- 
Ding  foot  than  tbe  latter  tunnel  actually  did  cost.  A  wide  tunnel  ia  less 
costly  per  cubic  yard  than  a  narrow  one;  but^  on  the  other  baud,  alon^ 
tunnel  is  more  costly  thau  a  short  one.  lu  the  absence  of  any  defluile 
knowledge  of  the  depth  of  shafts,  or  of  the  stratification  of  the  rock 
through  which  tbe  five-mile  tuuuel  is  to  pass,  we  may  couteut  onrselves 
with  the  above  estimate  as  reatjoiiably  accurate. 

As  corroborative  evidence  that  this  estimate  is  not  too  small,  i  wonld 
state  that  tbe  pablished  estimate  of  the  cost  of  tbe  summit-timuel  od 
the  James  Kiver  and  Kanawha  line,  7.8  miles  long,  i8$13,2i>3,310.  Ibis 
last  tantiel  has  a  section  of  52  by  3i^  feet,  being  46  teet  wido  at  water- 
line  and  7  feet  deep.  It  is,  therefore,  about  70  per  cent,  larger  than  the 
tunnel  proposed  by  Colonel  Sedgwick. 

WESTERN  TERMINUS  OF  CANAL. 

At  present  there  is  slack-water  on  the  Monongabela  to  and  above  the 
month  of  the  Youghiogheuy.  The  termiuuH  of  the  canal  should  beat 
this  slack-water.  An  effort  is  being  made  to  slack-water  tbe  Yougbio- 
gbeoy  to  West  Newton,  or  higher,  for  the  benefit  of  the  coal-mines  on 
this  river.  Although  this  may  answer  the  wants  of  coal-operators,  who 
can  only  ship  coal  when  there  is  a  sulficiency  of  water  in  the  Ohio,  at 
which  time  there  ia  usually  good  water  iu  the  tributaries,  it  cannot  be 
depended  on  as  the  terminus  of  a  canal  doing  a  large  business.  The 
Yonghiogheny,  in  dry  seasons,  does  not  supply  enough  wat«r  to  protiile 
lockage  for  an  extensive  navigation,  aud  there  is  sometimes  trouble 
even  on  the  Monongahela.  Tbe  terminus  of  tbe  Chesapeake  and  Ubio 
Canal  should  therefore  be  at  McKeesport. 

As  Colonel  Sedgwick  has  stopped  his  estimate  at  Connellsvllle,  it  it 
necessary  to  increase  it  by  the  cost  of  extending  the  canal  to  McKees- 
port. The  distance  from  Gonnellsville  to  McKeesport  is  forty-four  mile*, 
and  the  lockage  in  this  distance  is  put  by  the  boanl  at  152  feet,  in 
continuing  the  canal  to  Pittsburg  they  have  an  additional  lockage 
of  thirty-five  feet.  As  their  canal  waa  assumed  to  be  5  feet  in  depth, 
and  as  all  their  levels  rel'er  to  the  bottom  of  tbe  canal,  the  latter  must 
have  been  taken  at  >rcKeesport  at  an  elevation  of  30  feet  above  lo* 
water  in  the  Ohio  at  Pittsburg.  Between  Pitt^sburg  and  McKeesport 
there  are  two  dams  across  the  Monongahela,  each  of  which  has  a  liftot 
8  feet.  The  bottom  of  tbe  cunal  at  McKeesport  must  therefore  be  U 
feet  above  tbe  surface  of  the  Monongahela  at  the  same  place,  and  the 
lockage  to  be  provided  for  must  be  10  feet.  The  increase  iu  length  of 
canal  over  Colonel  Sedgwick's  estimate  will  therefore  be  forty-four  miles, 
and  the  increase  in  lockage  171  feet. 

The  Board's  estimate  of  cost  from  Connellsville  to  McKeesport  was 
$3,047,996.  Increasing  this  by  25  per  cent,  it  becomes  $2,559,9y5,  and 
adding  the  coNt  of  tbe  three  additional  locks,  ($45,000  more,}  we  find  the 
total  cost  of  this  section  $2,005,000.  If  we  allow  10  per  cent,  for  contin- 
gencies tbe  estimate  becomes  $2,865,500.  This  would  make  Colooel 
Serlgwick's  total  estimate  for  a  canal,  33  feet  wide  at  bottom,  48  feet 
wide  at  water-line,  aud  5  ftet  deep,  and  extending  from  Cumberland, 
Md.,  to  McKeesport,  Pa.,  a  distance  of  one  hundred  seventy -one  aud  » 
half  nnles,  $23,133,585. 


SIZE  OF  CANAL. 

The  depth  which  Colonel  Sedgwick  has  choseu  fur  the  cunal  seems 
to  me  to  be  iimdeqnute  to  the  wants  of  a  great  through  water-route.  I 
think  that  ou  no  account  should  the  exteusiou  have  a  less  size  than 
the  caual  as  now  built  to  Cumberland  ;  otherwise  the  siiuia  expended 
below  Caaiberland  in  providing  (J  feet  of  water  will  have  been  wasted 
as  &ir  ati  throngh-traffic  is  concerned.  The  chief  objection  to  increasing 
the  depth  of  the  eanal  comes  I'l-om  the  increased  supply  of  water  re- 
quired to  keep  up  the  levels.  The  increased  waste  in  a  deep  canal  is 
due  to  the  increased  filtration  through  the  soil,  and  the  increased  leak- 
age through  gates,  both  of  which  increasun  are  due  to  the  greater  press- 
ure exerted  by  the  deeper  water.  If  the  calculations  of  those  who  ex- 
amined and  reported  ou  the  water-supply  are  to  he  trusted,  there  cer- 
tainly seems  to  be  enough  water  available  to  supply  a  (J-foot  canal, 
made  reasonably  tight. 

Tbere  seems  to  be  no  doubt  that  a  6-foot  canal  can  be  kept  up 
throughout  all  but  the  Hummit-level  without  any  unusual  expense.  If, 
then,  special  care  be  taken  in  the  construction  of  the  summit- level,  so 
that  a  6'foot  canal  shall  hold  water  as  well  as  a  5-foot  one  usually  does, 
there  will  be  no  lack  of  water,  and  a  alifiht  increase  in  expenditure  will 
insure  a  far  greater  increase  in  the  usefnineasof  the  work.  If  the  canal 
can  only  give  5  feet  depth  of  water  its  utility  will  hardly  be  sufficient  to 
justify  its  construction. 

Tbe  only  survey  which  we  could  make  was  so  hurried,  and  the  quan- 
tities to  l>e  used  in  calkalation  so  uncerbiin,  that  it  seems  hardly  worth 
while  to  attempt  to  estimate  in  detail  bow  much  the  estimate  should  l>e 
increased  to  provide  for  a  6-foot  extension.  If  a  section  were  assumed 
tbe  same  as  that  of  the  present  canal  at  Cumberland,  the  water  area 
woald  be  increased  from  'M'2i  square  feet  (as  assumed  by  the  Board  for 
a  5-foot  canal)  to  2o2  square  teet.  This  is  an  increase  of  24j  per  cent. 
Therefore,  roughly  asaoming  a  corresponding  increaae  of  expenditure, 
we  find  the  cost  of  a  canal  30  feet  wide  at  bottom,  54  feet  wide  at  water- 
line,  6  feet  deep,  and  extending  from  Cumberland  to  McKeesport,  one 
hnndred  and  seventy-one  and  one-half  miles,  $23,801,313.  I  think  that 
this  estimate  is  as  fidr  an  approximation  as  our  limited  information  will 
now  permit. 

■WORKtNQ  OP  SUMMIT-TUNMEL. 

I  am  decidedly  of  the  opinion  that  the  summit-tunnel  should  be 
worked  by  steam.  The  summit-tunnel  on  the  Burgundy  Canal  in 
France  is  successfully  operated  by  steam  tugs,  towing  by  the  use  of  a 
submerged  cable.  They  work  very  economically,  and  in  fact  this  sys- 
tem is  very  generally  used  in  France  on  their  canalized  rivers.  To  avoid 
smoke,  which  wonld  be  very  objectionable  in  very  long  tunnels,  it  might 
be  practicable  to  can'y  large  reaervoin?  of  steAm,  supplied  from  boilers 
at  each  end  of  the  tunnel,  am  I  understand  is  now  done  in  New  Orleans 
on  one  of  the  streetcar  line:^.  The  omission  of  the  tow-path  saves  a 
very  considerable  sum  in  the  cost  of  the  tunnel,  and  even  in  case  of 
accident  to  a  tug  there  would  be  uo  difhuulty  in  poling  the  boats  out  of 
tbe  tunnel. 

INCLISED  PLANES. 

Where  locks  have  to  be  so  close  together,  as  will  undoubtedly  be  nec- 
essary at  manj'  places  ou  this  extension,  I  think  that  it  would  be  in 
every  way  advantageous  to  resort  to  the  system  of  inclined  planes  so|(j 
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snccessfully  used  on  the  Morris  and  Essex  Caoal.  I  am  infonned  that, 
by  tbia  system,  boats  travel  np  and  down  the  inclines  aa  fast  aa  they  do 
on  a  level,  aud  thus  one  of  the  greatest  objections  to  a  heavy  amonntof 
lockage  is  entirely  obviated.  Colonel  Sedgwick  hiis  nearly  tlnisbed  a 
paper  on  this  subject,  which  I  will  forward  when  completed,  and  which 
I  request  may  subseqoently  be  attached  to  this  report.  If  the  Wills 
Creek  route  should  prove  to  be  still  available,  I  believe  that  its  heavy 
ascending  grade  going  west  will  make  it  necessary  to  use  inclines  in- 
stead of  locks,  at  least  immediately  east  of  the  suminit.  Boats  would 
have  to  be  in  two  parts  to  accommodate  themselves  to  this  arrangement. 
There  are  probably  other  places  on  the  line  where  the  same  comitructioD 
would  be  useful. 

WESTERN   CONNECTIONS. 

It  must  be  borne  in  mind  that  both  this  canal  aud  the  James  River 
and  Kanawha  will  utterly  fail  to  become  great  through -routes  of  water 
transportation  to  the  seaboard,  nnless  the  Ohio  River  is  made  to  give  ft 
depth  of  at  least  6  feet  throughout  the  summer  and  fall,  the  time  when 
the  canals  are  doing  their  heaviest  business,  but  the  rivers  are  at  their 
lowest.  Jt  is  foreign  to  the  preseut  report  to  do  more  than  allude  to 
this  matter,  hut  as  it  is  a  vital  one  I  think  it  proper,  as  the  engineer  in 
charge  of  the  Ohio,  to  state  that  there  is  no  practical  difficulty  in  the 
way  of  securing  this  depth  throughout  the  year  by  movable  dams.  P'or 
details  reference  is  made  to  Ex.  Doc  No.  127,  House  of  Kepresentatives, 
Forty-third  Congress,  first  session.  I  have  no  hesitation  in  saying  that 
it  is  impracticable  to  secure  such  a  depth  for  navigation,  at  least  above 
the  falls,  by  any  attempted  guiding  and  controlling  of  the  natural  cnr- 
rents,  however  simple  such  operations  may  appear  in  the  office.  They 
have  been  repeatedly  tried  and  found  wanting.  Below  Pittsburgh  the 
Ohio  is  often  down  to  12  inches,  and  between  Louisville  and  Cairo  it 
is  rot  unfrequently  down  to  20  inches.  For  a  fuller  statement  on  the 
practicability  of  improving  the  navigation  of  the  Ohio  below  the  falls, 
see  Ex.  Doc.  127,  Part  3,  House  of  Representatives,  Forty-third  Con- 
gress, first  session. 

C0M>IBBC1AL  ADVANTAGES  OF  THIS  CANAL. 

This  is  a  matter  that  I  thought  of  working  up,  and  for  that  jmrpose  I 
had  some  statistics  prepaied  from  the  last  census-tables,  but  I  have  con- 
cluded that  until  a  definite  line  of  canal  is  selected,  and  a  fair  approxi- 
mation of  its  cost  is  made,  it  will  not  be  practicable  to  make  a  useful 
comparison  with  other  through-routes.  Until  the  profile  of  the  canal  is 
determined  its  equated  length  cannot  be  obtained,  and  this  alone  gives 
a  basis  of  comparison.  If  this  investigation  is  continued  I  wilt  endeavor 
in  my  next  report  (should  the  survey  be  again  confided  to  me)  to  take 
up  this  branch  of  the  subject.  lu  order  to  have  a  graphic  comparison 
between  this  water-line,  the  Erie,. and  the  James  River  and  Kanawha,  I 
have  prepared  a  profilc-sbeet  which  shows  each  line.  They  all  end  at 
tide-water,  the  Erie  beginning  at  Buffalo,  the  Cbesape^ike  and  Ohio  at 
Pittsburgh,  and  the  James  River  and  Kanawha  at  Point  Pleasant.  The 
profiles  show  very  clearly  the  immense  natural  advantages  of  the  route 
occupied  by  the  Erie  Ciinal. 

CONCLUSION. 

In  concluding  this  report  I  would  recommend,  as  I  have  mentioned 
before,  that  if  this  investigation  is  to  be  continued  careful  sur\"  ;ys  sbould 
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he  made  by  tbe  Wills  Creek  route  from  Cumberland  to  McKeesport. 
This  wonld  require  tbree  iDdepeudeut  parties  under  the  control  of  one 
chief.  One  party  should  take  the  line  from  Cumberland  to  Meyer's 
Mills,  and  tbe  other  two  should  divide  the  distance  from  Meyer's  Mills 
to  CoQDeUsville.  From  the  latter  place  to  MuKeesport  the  ront«  is  un- 
questionably feasible,  and  the  old  surveys  will  do  until  the  work  of  con- 
struction on  the  mountain  section  is  well  ander  way.  The  entire  route 
shonld  he  surveyed  with  a  special  view  to  the  use  of  incliued  planes  oa 
difficult  ground,  and  to  the  location  of  the  necessary  reservoirs ;  for  res- 
ervoirs will  be  needed  along  the  whole  of  the  hue.  1  would  not  recom- 
mend any  survey  at  present  of  the  Savage  Kivep  route.  It  will  be  time 
enough  to  take  that  up  if  it  is  found  im|iracti cable  to  get  a  line  through 
by  way  of  Will's  Creek,  A  saving  in  distance  of  twenty-niue  and  a  half 
miles,  and  in  lockage  of  2^(i  feet,  is  equivalent  to  a  saving  in  time  of 
about  fonrteeu  hours,  which  is  so  great  a  gain  as  to  justify  a  large  in- 
crease of  expenditure  iu  order  to  secure  it.  The  cost  of  the  surveys  rec- 
ommended would  be  about  $20,000,  and  this  appropriation  I  wonld  rec- 
ommend if  this  extension  is  to  be  carried  through, 
liespectfully  snbmitted. 

Wm,  E.  Mbrrill, 

Major  of  Engineers, 
General  A.  A.  HtTupnEEVS, 

Chitf  of  Engineers. 


Jleporl  of  Mr.  Thomaii  S   Sfdgirict,  At»i$la>il  Enginttr. 

Washisotoji,  D.  C,  Jaituars  30,  IB74. 

Coix)Mti. :  1  bave  tbe  lionnr  to  make  (be  following  report  of  Instrumental  recoaoaU- 
sauce  and  exaniinatiun  for  tlieextentiion  of  tbe  Cbesipeake  aadObio  Caoal. 

The  'H-eHtem  ti^rmiiius  of  tbe  caoal  is  at  Cumberlaud,  Md.,  and  tbe  problem  of  its  ex- 
teuHloi)  iit  a  difficult  one.  arising  not  only  from  the  great  elevation  to  be  overcome  and 
the  steep  easr^rn  alope  of  the  Alleghany  Mountains  to  be  climbed,  but  also  from  the 
cban;;ed  conditioQ  controllinj;  the  extension  nun  as  Compared  witb  tbnse  existing  when 
tbe  oonstroction  of  tbe  canal  was  t)egun  in  lf^2-i.  The  route  by  Will's  Creek  and 
Flangherty  Creek  to  Meyer's  Mills,  on  Castleman  River,  and  thence  by  Castlemaa 
Kiver  and  the  Ynnghiogheny  and  Monnngahela  Kivers  to  Pittsburg,  then  t>e]ieved, 
aud,in  fact,  folly  iteiuon  at  rated,  to  be  thebest  and  most  practicable  route  between  Cum- 
berland and  Pittsbnrgi  is  now  occupied  and  controlled  tlirongbout  its  entire  length 
hj  tbe  Pittsburg  branch  of  the  Baltimore  and  Uhio  Kailroad  ;  bo  tbaC  portion  uf  tbe 
route  between  Cumberland  and  tbe  snmmit  of  the  mountain  at  Sand-Pnich  tunnel  is 
not  now  practicable  for  the  location  and  conntruction  of  a  canal,  there  beinj;  also  a 
second  railroad  (tbe  Pennsylvania  and  Cumberland)  between  Cumberland  and  the 
iiiuDtli  of  Litlle  Will's  Creek,  lifleeu  miles,  so  that  the  hope  of  tbe  extension  of  tbe 
c»ual  reasonably  reverts  to  the  Deep  Crerk  route,  the  altertiative  ronte  witb  tbe  Will's 
Creek  route,  both  which  were  reported  on  in  detail  by  tbe  Hoard  uf  Internal  Improve- 
ments in  Ir<2t). 

This  roat«  follows  tbe  North  Branch  of  tbe  Potomac  to  the  mouth  of  Savage  River, 
and  thence  by  the  Savage  Kivur  and  Crabtiee  Crtvk  tu  I3i-ar  Creek  and  Divp  Creek, 
and  liy  the  Youghiogheny  to  tbe  junction  with  Castleman  Uiver,  ut  Turkey  I'out,  now 
confluence,  a  point  common  to  tbe  two  ivntes. 

Thill  route  Is  eijrbleen  mill's  lonjjer  than  the  Will's  Creek  route,  ond  its  suDimitOevel 
was  taken  4J0  feet  bibber  than  thp  summit-level  of  the  Will's  Creek  route.  That  pot- 
t  ion  of  the  route  bet'viteu  Cumberland  and  the  month  of  Savage  Uiver  is  occupied  in 
fjeiieral  b.vtlie  main  line  of  the  Raltiniore  and  Ohio  Railroad,  but,  tbe  vnliey  being  wide 
.■)iid  oprQ  and  the  railroad  company  having  been  directed  by  process  of  law  to  respect 
tlie  prior  location  of  the  cnnal,  which  had  been  mfule  as  far  m  the  mouth  of  Savage 
ICiver,  tbe  condttiuns  arc  not  materially  changed  nith  regard  tu  the  location  and  con- 
istnictiou  of  a  canal  between  those  places,  excepting,  proliably,  in  tbe  matter  of  land 
and  right  of  way. 

The  favorable  condition  of  tbe  Will's  Creek  route  being  bo  diNiiihantogenuBly  modi- j 
fled  by  radroad  occnpatioti,  the  quesliou  aroee  as  to  tho  probability  of  the  c.  '  "^ 
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a  route  betweeu  tbe  Will's  Creek  and  Deep  Creek  routt^,  wbieb  could  liave  ■  lower 
811  mill it-levul  tlinn  tlie  Deep  Creek  route,  and  wbicb  cohM  lie  Hiipplied  witb  water  froij 
the  reservoirH  oa  C'aatlemau  River  <JeBi|i;ne<l  for  tbe  Will's  Creek  ronte,  and  at  the  eame 
time  would  bave  a  snuiinit-tnunel  of  a  feasiWe  leiif;tb,  lo  accordance  with  these  con- 
siderations it  was  (Ipenied  advtsalile,  with  your  a]t|)roval,  to  tbor»u(;hly  examine  tba 
Btimmit-liasaBS  between  the  Savage  and  Castlenian  Rivera,  a  region  nol  heretofore  aiir- 
veyed,  and  to  deterruiue  their  character  and  conditioos  with  reference  to  the  extension 
of  tbe  canal  thereby.  Accordingly  a  route,  beginning  at  the  mouth  of  Savage  Kiv«r, 
the  termination  of  tbe  previonti  surveys,  and  f>il]oiriii|{  the  S:tvase  to  Blue  Link  Rnu. 
crussinK  the  ennimit  of  tbe  mountains  near  the  Shwloti,  on  tbe  old  \iitional  road,  and 
deeceDdint;  to  tbe  Caatleman  Kiver  at  Salishnry,  I'a.,  by  Pincy  Run,  was  examined  by 
inHtrnuiental  «nrvey. 

This  roiit«  was  fnand  to  be  Keoerally  favorahte,  especially  as  to  tbe  matter  of  a  Biod 
location  and  cost  of  constrivtii-n  of  a  line  of  canal,  tboiigh  not  so  favorable  a»  tu  th« 
sumniit-tunisel.  It  traverses  a  very  important  and  valnable  ooat-basiu,  and  nonlil 
provide  aa  additional  transportation  ontlnt  for  the  Cumberland  coal-basin  and  enbtnc* 
the  agricDitunil  growth  of  the  valley  of  the  North  Branch  and  its  Urger  tributariss. 
This  rente  is  longer  than  tbe  Will's  Creek  ronte,  bnt  Is  l>etl«r  conditioned  as  to  the 
distribution  of  locks  and  efQcieuoy  and  economy  of  tbe  water-snpply. 

The  surveying  party  rendezvoused  at  Bloomington,  W.  Ta.,  near  tbe  moutb  ofSavsg? 
River,  on  tbe  2rith  of  July,  but  owing  to  some  delay  in  procuring  a  cook,  and  tbe  aluw 
arrival  of  the  surveyin;;  instruments,  surveying  operations  were  not  begun  until  Au- 
gust I.  The  survey  was  begun  at  the  jnucFion  of  Savage  River  and  tbe  North  Bruocb, 
which  comes  some  forty  milus  from  the  southwest,  runs  uortheusbirly  some  thirty  aiilei 
to  Cumberland. 

Tbe  elevation  was  taken  to  he  960  feet  alKive  tide-water  at  Georgetown.  D.  C,  as 
determined  by  the  surveys  of  lS2rj.  This  elevation  corresponds  with  tbe  grade-noHS 
of  tbe  Baltimore  and  Ohio  Railroad. 

The  Savage  River,  from  its  mouth  to  Crahtroe  Creek,  five  and  a  quarter  miles,  hv> 
general  direction  west-northwest,  ita  bed  lisiug  uniformly  at  the  rate  of  74  feet  per 
mile.  In  this  distance  it  has  worn  lis  way  through  and  right  across  the  aiis  of  Karate 
Mountain  (which  lies  northuast  and  southwest)  to  tbe  depth  of  nearly  1,000  feet,  conse- 
quently the  channel  is  crooked,  and  has  rough,  rooky  blnfBi  at  the  bends,  and  is  the 
most  untavurahle  portion  of  the  roate  in  regard  to  location  and  cunstrnction.  Tbe 
Baltimore  and  Ohio  Railroad  bnlds  its  way  high  up  on  the  southern  side  of  the  ravine, 
to  gain  the  sonimit  of  the  mountain  at  tbe  benil  of  Crahtree  Creek.  The  valley  is  un- 
Bsltled  and  wild,  and  covered  with  a  rank  growth  of  laurel,  so  that  the  line  of  tbe 
survey  often  followed  the  bed  of  tbe  stream. 

A  gauging  of  tbe  river  just  above  ita  niouth  gave  a  discharge  of  18  ouhio  feet  per 

From  Crahtree  to  Monroe  Kun,  two  and  a  half  miles,  the  river  turns  sharply  to  tli« 
north,  its  bed  rising  at  tbe  rate  of  5-lt  feet  per  mile ;  the  valley  grows  wider  and  has 
no  bluff  or  rocky  banks ;  thence  to  Blue  Lick  Rud  tbe  direct  ion  is  Dorth-nortbeasl  fn 
tive  and  three-quarter  miles  ;  and  thence  to  the  summit  of  the  muuutaiii  by  Blue  Lick, 
five  and  tbree-qnarter  miles,  the  direction  is  north,  with  a  convex  beud  to  the  east. 

From  tbe  month  of  Crabtree  the  Savage  River  lies  between  the  Savage  Honntain 
on  the  east  and  the  main  Alleghany  on  the  west,  with  a  general  direction  norlh- 
northeaat  reaching  some  sixteen  or  eighteen  miles,  crossing  the  National  road  some 
four  miles  west  from  Frostburg,  Md.  From  the  moutb  of  Crabtree  Creek  t.o  Cbancss 
Mill,  on  Blue  Lick,  near  its  head,  the  valley  is  wide  and  open,  and  baa  often  several 
hundred  yards  width  of  bottom-lauds ;  tbe  river  is  without  blnfiaor  rocky  hanka,an<l 
rising  at  the  rate  of  65  feet  per  mile.  The  general  character  of  this  section  nf  tlir. 
route  is  very  favorable  for  the  construction  of  a  canal,  there  being  room  enough  for  > 
good  location,  and  the  hill-slopes  having  terraces  favorable  for  supporting  the  \etth 
of  the  canal  to  suitable  sites  for  locks.  A  location  can  be  made  on  the  west  sideof  the 
valley  over  this  section,  without  dithcnity  or  ob.'<tacleiB,  to  a  point  where  the  entrance  to 
the  snmmit-tnnnel  may  be  satisfactorily  located. 

From  the  summit  of  the  nionntaln  along  Two-Mile  Run  to  Piney  Run,  a  distance  of 
four  miles,  the  direction  is  northeast,  and  thence  along  Piney  Run  to  itH  jnnclion  vilb 
Castleman  River,  one  mile  north  of  Salisbury,  Somerset  County,  Pa.,  the  directiun  h 
iiorth-northweHt,  and  the  distance  is  six  and  oue-qnarter  miles,  tbe  ground  falling  al 
tbe  rate  of  79.4  feet  per  mile.  Along  Two-Mile  Run,  which  crosses  the  National  loaA 
at  Shades,  the  same  difficulty  in  surveying  wan  met  as  on  the  first  section  of  Savage 
River,  and  also  as  far  down  I'lney  as  Ingle's  Mill,  within  one  mite  of  its  mouth.  From 
Ingle's  Mill  to  the  mouth  of  Piney  the  character  of  the  valley  is  very  favorable  fur 
location  and  couHtrnction  on  either  side  of  tbe  valley,  being  wide  and  open,  with  much 
bottom-laud  and  meadow. 
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The  Burver  baviuK  damoDstrated  tba  practicability  of  tbis  route,  tbe  examination 
TDight  liave  closed  wbsD  the  valley  of  Caatlemau  River  vaa  reacbed;  but,  for  the  pur- 
putie  of  Qiakiof;  a  more  couiplHte  comparisou  of  tbia  rout«  with  the  Wiil'a  Creek  route, 
the  eurvey  wan  coutiuu-d  down  tbe  vallev  of  Castlemao  River  to  Meyer's  Mills,  (Mey- 
er's Dale  City,)  at  the  mouth  of  Fiangherty  Creek,  aod  tlience  to  Blue  Liok.the.'M  being 
the  valleya  into  wbieb  tbe  proposed  tuQuels  led  from  Botrman'a  Buo  on  Wili'a  Creek. 
From  Piuey  Bud  to  FlauKhurtj  Creek,  a  distnuce  of  nix  and  a  quarter  miles,  the  river 
bas  several  great  beoda,  niakiug  a  very  crookrd  route,  with  a  general  direction  nearly 
uorth,  dosceuding  at  tbe  rate  of  7^  feet  p«r  mile. 

For  the  puriiose  of  making  clofle  coDDectiouH  n-itli  the  surveys  of  1634  and  1836,  and 
to  ud  iuXhe  identiHcaciun  of  proniinent  points  of  tlioae  Kurveya.  lines  were  aarveyed 
three  miles  up  Flanghetty  Creek,  and  one  and  a  balf  miles  up  Blue  Lick.  A.  bencb- 
mark  was  pointed  out  and  identified  as  one  made  by  the  surveying  party  of  1938,  under 
tbe  direction  of  Nntbiin  S.  Roberts,  chief  engineer  of  the.  board  of  engineers  of  the 
Chesapeake  and  Obiu  Canal.  This  bencb  was  marked  ld38,  and  nnder  this  waa  1,973, 
tbe  lalter  bHng  tlio  elevuiion  of  tbe  summit-level  above  tbe  tide  at  Georgetown.  Onr 
luvels  agreed  nitb  this  elevation  witbin  one  foot. 

In  addition  la  tbeae  examinations,  a  survey  vaa  made  of  the  portion  of  Savage  River 
above  Bine  Lick,  and  to  tbe  same  summit  by  way  of  Mud  Lick  Run,  the  moat  difficult 
part  of  onr  work.  Tbis  route  was  bo  very  crooked  and  so  uinch  louger  than  the  Blue 
Lick  ronte,  that  it  ia  not  at  all  taken  into  coaaiderutioit. 

The  whole  distance  tbua  surveyed  was  fifty-tbree  milrs,  closing  with  the  lat  of  Oc- 
tober. Tbe  distances  here  given  are  those  wade  in  tbe  chaining  of  tbe  survey  in 
tracing  the  streams,  and  are  greater  tbno  given  in  tbe  approximate  location  for  tbe 
canal  for  the  purposes  of  estjiaatiog  the  cost.  Ooe-lialf  the  surveying  party  was  dis- 
uiiased  on  the  1st  of  October  at  Daio  City.  Keturning  to  Salisbnr.v,  the  valley  of  Cas- 
tlcinan  Hiver  was  examined  instruiuentally  as  far  np  as  Ploucber's  Narrows,  the  site  of 
one  of  the  resen'oira  proposed  in  connection  with  tbesummit  of  tbeWiU'o  Creek  route; 
and  Meadow  Run,  a  tributary  of  Caslleman  River,  coming  in  from  tbe  east  just  above 
Salisbury,  was  traced  for  a  distance  of  two  milea. 

The  surveying  operations  were  closed  here  on  the  Htb  of  OctobE-r,  over  sixty  miles 
of  line  baving  been  surveyed  and  leveled  iu  two  and  oiie-balf  months. 

The  valley  of  Castleman  River,  above  SiiliaUury,  is  a  Boo,  ojiun,  agricnUural  valle^', 
Uiickly-aetcleit,  but  not  so  riuh  and  nell-cultivaied  as  the  porttuu  betweeu  Sallabury 
ttiiil  Meyer's  Dale  City. 

Tnkiiig  with  me  tw<i  nwiHtants,  I  made  a  re^Minnniaaance  of  the  heailwnfera  of  tbo 
Norib  Branch,  examining  the  river  from  Fairfux'it  alone,  the  south  weat  boundary -comer 
of  the  State  of  Maryland,  to  the  crotwing  «f  Ihe  Korlbweslern  Turnpike  and  Rysn'a 
C-lnile  Run,  a  distance  of  some  fifteen  milis,  in  whioh  dialance  the  river  falls  at  the  rate 
of  ^0  feet  Iter  mile.  Thence  to  Ulooniinglim,  some  twent.v-cight  miles,  the  fall  Is  be- 
twoeu  40  nnd  511  feet  piT  mile.  I  had  iutenile<l  making  an  examinaliou  of  the  Black 
Wnter  Fork  of  Cheat  River,  which  Is  just  over  the  mounlain  from  the  North  llraiicb, 
but  a  snow  storm  of  eight  inches  depth  im  the  .iUth  Oclolier  prevented  thocnrryiug  out 
tliiM  intention,  and  the  remaining  assistanlH  were  dismissed. 

The  valley  of  Ihe  North  Branch  is  quite  favorable  for  canal  construction  except  in 
tb«  rapidity  of  its  rise. 

Dniing  the  time  of  onr  surveying  npnralions  the  streams  were  at  their  lowest  stages, 
niid  excellent  ojiportnuities  were  allonled  for  determining  their  minimum  of  supplj'. 
f^irvcral  gangi>s  of  Savage  Itivvr  and  Piney  Run  were  made;  also  of  Caatleman  River 

Mr.  C  L.  Fulton,  aKHtalant  engineer,  rendered  efficient  services  ns  transmit-man  and 
ill  conduct  of  the  snrve,'i  ing  I>arly,  and  Mr.  Fred,  W.  Frost,  civil  engineer,  was  a  com- 
petent and  energetic  leveler;  nnd  in  fact  utl  the  gentlemen  of  the  jiiirty  rendereil  moat 
ctlic  lent  services,  under  nutowardcircumatancesuf  bud  weather,  with  becoming  p romp t- 
iifss  and  energy. 
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The  first  antboritativs  niovo  toward  a  system  of  national  internal  improvements  was 
made  in  April,  l>i-H,  when  Congress  passed  an  act  authorining  the  rresident  "  to  cause 
tliu  necessary  surveys,  plans,  and  estimates  to  be  made  of  the  routes  nf  such  roads  and 
<rati)ilB  as  be  may  deem  of  uational  iniimrtance  in  a  commereial  or  military  point  of 
view,  or  necessary  for  the  transportation  of  the  public  mail,  and  to  employ  two  or  more 
skillful  cnginei^rB  and  snch  ofScers  of  the  Corps  of  Eugineei's  as  he  may  think  proper 
tu  carry  tliis  act  into  elTect." 

I[T  pursuance  of  this  act,  the  then  Secretary  of  War,  John  C.  Calhonn,  constitut'-d  a 
lliianl  of  Engiueera,  consisting  of  General  Bernard,  Corps  of  Engineers,  Lieut<^naut- 
Coluncl  Totren,  Corpa  of  Engineers,  and  John  L.  Sullivan,  eivil  engineer,  who  entered 
lit  once  n[)on  their  duties,  being  assisted  by  many  oUicevs  of  the  Army  detailed  for  this 
jmrpose.  , 

The  Board  made  very  complete  an rveya  and  reports  on  routes  for  the  Ch^sa|>ep^afld|^J 


Obio  Canal,  the  Oliia  anil  Erie  Ciinn!  (since  knoiiii  as  the  Sandj  and  Beavec  C*nil)  in 
Ohio;  Obio  and  Schuylkill  Canal,  (now  the  nrcll-knonni  Penunylvania  Canal;)  I>*l>' 
ware  and  Raritsn  Caual;  James  River  and  KauawhaCaual,  and  inaujr  other  ruaMfn 
canals  and  roods. 

The  first  exaoiinntions  and  Hnrvpys  of  a  ronte  for  a  canal  to  connect  the  ChewprUe 
Bay  anil  the  Ohio  River,  by  the  valley  of  the  Potomac,  on  the  eastern,  and  the  Yongh- 
iogheny  and  Monou{(abela  Valleys  on  the  western,  slopes  of  the  Alleghany  MoDDtun^ 
were  made  in  tbe  snrDnieriif  lUiM,  and  were  chiefly  to  determine  the  practicabiliiy  of 
tbe  undertaking,  and  were  nlmoM  untirely  restricted  to  tlie  examinutiiin  of  the  monai- 
ain  or  summit  section  bettroeu  Cutulierland,  on  the  North  Branch  of  the  Potomnc,  anil 
thn  juuction  of  Yonghiogheny  and  Castleman  Rivers,  at  Tnrkcy  Foot. 

The  runte  thus  surveyed  in  Ir^il  was  by  tbe  North  Branch  of  the  Potomac  tntfae 
month  of  Siivage  River,  and  by  Savage  River,  Crabtree  Crtek,  and  a  branch  of  Cub- 
tree  Creek  to  lieur  Creek  and  Deep  Creek,  and  thence  by  the  Youghiogheny  to  Tarkty 
Foot.  That  iwrt  nf  tbe  route  fiom  Cnmberlaud  to  the  mouth  of  Savage  River  ou 
snrveyrd  by  Hhj.  J.  J.  Aliert,  Topographical  Enginoers,  nud  the  remaining  portion  be 
Capt.  William  G.  Mi'Neill,  Topcigraphical  Engineers. 

The  Baltimore  and  Uhio  Kailnma  now  occupies  a  portion  of  this  route  from  CnD>b«- 
land.bnt  in  ascending  the  monntain  it  diverges  to  tbe  south,  its  summit  being  aboiii 
eight  miles  south  of  the  summit  of  tbe  canal-route. 

(Several  sumroit-crosiiings  were  surveyed,  and  careful  gaugingswere  made  of  Ihf 
etreama  niOHt  availnble  for  t\trniabing  water  fur  tbe  Huinniii-level,  and  au  eUlionli' 
report  was  preparecl  by  the  Boanl  of  Euginei-rs.  They  considarwl  tbe  route  practicito 
with  suuiniit-tuunelit  fb)m  one  anil  a  third  to  live  anil  h  half  miles  iu  length,  altboacti 
the  sum  of  the  lockages  between  Cieorgeiown  and  Pittsbnrg  was  '.t,^  feet,  n'liirli 
exceeded  anything  that  np  to  that  linie  bad  been  deemed  feasible.  Tbe  sunimitleifl 
was  found  to  be  a,40S  feet  above  tide.  It  was  to  be  snpiilied  with  water  by  rafiiii">f 
large  reservotre  to  be  const  met  ed  on  the  Y'onghiogbouy  River,  at  tbe  point  whtTeiti> 
now  cros-ied  by  the  route  of  the  Ualtiniore  and  Ohio  Ratlrowl. 

(See  Appemlix  A,) 

Dnring  the  nest  year  a  more  careful  and  detailed  survey  was  made  "  to  dotfrmiDf 
tbe  route  to  be  recotii mended,  as  sImi  to  obtain  the  da[«  ueceiwnry  to  frame  a  f^tniiti 
plan  of  tbe  work  and  a  preparatory  estimate  of  tbe  expense."  Tbe  report  of  tbia.vrit 
(lC''Jfi)  was  Dinre  complete  than  the  former  one,  and  diNciissed  the  charncter  auil  ipo- 
ural  features  of  another  ronte — that  by  tbe  valley  of  Will's  Creek,  leading  norllicil.'' 
BUd  enstcily  from  Cumberland,  anil  cronsiiig  the  mountains  to  the  valley  of  Fl*iii:b' 
erty  Creek,  which  empties  at  Meyer's  Mill  into  Castlcman  River,  n  branch  of  llr 
Yoiighioglieny  River,  which  it  joins  at  Turki\v  Foot,  near  Conducuce.  The  snmmit-l'vel 
of  this  route  was  plare<l  J4U  feet  lower  than  the  siiiiTmit-luvel  of  the  Deep  Creek  routr, 
with  a  tunnel  four  miles  loni;.  The  distance  by  the  Will's  Creek  line  is  oightecDiuilri 
sh<irt«r  Iwtween  Cumberlanil  snd  Turkey  Fnut  than  hy  the  Deep  Creek  line. 

The  supply  of  water  for  the  suininit.-level  was  to  be  provided  by  two  reservolM  on 
Castleman  Riicr,  the  lower  one  at  Forney's  Uill,  one  mile  below  Salisbury  and  sii 
miles  from  the  west  end  of  the  tunuel-level,  and  the  upper  one  at  Plenchel's  finn. 
about  live  miles  above  Salisbury  and  about  six  [niles  aliove  the  one  at  Forney's  Mill, 
with  which  it  was  to  be  connected  by  a  feeder.  The  water-supply  was  deemed  to  ^ 
more  abundant  tJian  on  the  Deep  Creek  route. 

A  survey  was  also  made  with  a  view  to  connect  the  reservoirs  of  the  DeepCmb 
ronte  with  those  of  the  Will's  Creek  runte.  This  wonlil  necessitate  a  feeder  of  ttrenl.c- 
five  mites  in  length  to  reach  Pleuchor's  farm,  with  one  tunnel  two  miles  long,  and  s>- 
otber  five  miles  long  and  otherwise  very  cxpousive.  This  plan,  however,  wasdnmf' 
feasible. 

The  report  of  IS'JG  was  remarkable  in  that  it  gave  a  careful  analysis  of  prices  snil 
probable  costs,  based  on  units  of  labor,  of  men  and  horses,  and  on  the  oost  of  proiIiii^i''£ 
lime,  procuring  stone,  doing  eartb-work,  obtaining  transportation,  &c.,  and  thew  (BtJ' 
mates  were  given  for  the  separate  divisions  or  sections  of  tbe  proposed  caual. 

A  carefully-prepared  estimate  was  given  in  detail  for  characteristic  sections  of  ih< 
work,  vnryinit  from  -TOO  yards  to  1S,00(I  yenis  in  length. 

The  dimeusioBs  of  the  proposed  canal  were  48  feet  width  at  top  water-line, 33  fMl  " 
bottom,  and  5  feet  depth  of  water. 

The  section  from  Georgetown  to  Cumberland  (one  bundreil  and  eighty-six 

miles)  was  estimated  to  cost t8, 1".W 

From  Cumberland  to  Tnrkey  Foot,  (seventy  and  six-tenths  miles) 10, Of.  I* 

From  Turkey  Foot  to  Pittsburgli,  (eighty-live  and  oue-qnurter  miles) ■.     4,110.*" 

Giving  au  estimated  loial  cost  of 23, 3:5.4* 

This  estimate  of  cost  was  so  much  greater  than  had  been  antici[>ated  that  all  int'^ 
tiuns  of  oanyiiig  out  the  cuteriiriHU  were  suspended. 

rr.zidb.  Google 
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The  canal  company  wae,  bowever,  panted  a  churter,  nnd  a  conventian  was  called  to 
oonejiler  the  cooditioDs  controllinf;  tbe  euterprise,  and,  ainonft  other  actions  taken, 
they  appointed,  a  committee  to  revise  tlie  eatiniateB  of  the  Board  of  Internal  Improve- 
meDta.  Tliis  committee  met  at  Waubington  in  December,  liMi,  and  on  Che  most  reliable 
iDfonnation  tbey  could  command,  and  bused  upon  the  cost  and  contract-pricea  ot 
Bimilar  works  then  in  proKivus,  they  estimatxd  the  cost  uf  the  entire  canal  from 
7  Georgetown  to  Pittsburg  at  $10,00(1,000.  The  estimates  of  the  Board  were  severely 
crilicised  M  being  very  ernmeooB,  and  the  then  President  of  the  United  States,  Joho 
Qninc;  Adams,  was  influenced  to  appoiat  a  commission  of  civil  engineers  to  exaioiDe 
the  two  iwIb  ot  estimates  and  recoucile  them.  Messm.  James  Geddes  and  Nathan  S. 
Boberts,  civil  engineers  of  high  repute,  were  appninted  to  that  doty,  and  reported  in 
leae.  They  made  the  estimated  cost  of  the  canal  fntm  Georgetown  to  Cumherlnnd,  on 
the  same  scale  of  dimensions  as  proposed  by  General  Bernard,  S4,330,99'2,  whereas  the 
Board's  eslimaCe  for  the  same  service  was  $1^,177,081,  This  section  was  completed  in 
October,  li^aO,  at  a  cost  of  ^11,071,176.  Augmenting  General  Barnard's  estimate  by 
cost  of  lands  for  right  of  way,  engineer  expenses,  ilamag^s,  and  salaries  of  officers, 
there  was  yet  a  difference  of  $■2,087,'?  16  over  General  Bernard's  estimate,  an  incrnase  of 
25  per  cent.,  but  it  is  proper  to  state  that  the  canal  as  bnilt  from  Georgetown  to 
Harper's  Ferrj',  a  distance  of  sixty  miles,  is  60  feet  wide  at  water-line,  42  feet  at  bottom, 
and  is  6  feet  deep ;  from  Harper's  Ferry  for  a  distance  of  forty-five  miles  it  is  50  feet; 
wide  at  water-line  and  33  feet  at  the  bottom ;  rfud  thence  to  Cumberland,  seveaty- 
Bi^veD  HDdODe-biilfml]e8,<tiH54feetatt«panil30feetnt  bottom.  The  depth  throngh- 
OQt  its  whole  length  is  6  feet.  The  lucks  are  100  feet  long,  15  feet  wide,  with  an  aver- 
age lift  of  S  feet,  and  they  will  pass  boats  of  120  tons  capacity.  Some  difference  should 
Hido  be  allowed  in  favor  of  General  Bernard's  estimate  fur  the  increase  in  the  value  of 
money  and  of  labor  from  \S2i  to  16r>0. 

I  bave  been  thns  particular  in  reciting  the  bistory  of  these  estimates  becanae  that 
portion  of  them  relating  to  the  cost  of  the  canal  from  Cumberland  to  Pittsburg  must 
at  present  be  taken  Ut  give  an  approiiimate  cost  of  the  proposed  extension  of  the  canal 
proper,  reasonable  aililitions  being  ihade  to  them  for  right  of  way,  engineering  ex- 
])euses,  and  salaries,  &c. ;  and  it  is,  therefore,  important  to  show  their  general  cor- 

Messrs.  Ruiierts  and  Cruger  alxo  made  a  location  of  the  canal  from  Cumberland  to 
Pittsburg  in  l>^'i.^,  following  almost  exactly  thu  leading  features  of  the  plan  proposed 
hy  the  Board  of  lutenial  Improvcnients,  as  to  route,  plans  for  reservoirs.  &.C.,  ejccsptinK 
ouly  that  they  passed  the  Hummit  by  a  tunnel  from  the  same  point  on  Bowman's  Knn 
to  11  point  on  Blue  Lick  Creek,  instead  nf  Fiuugherly.  Tbeir  estimate  of  the  section 
from  Cnmlierlnnd  to  Pittsbnrgh  was  $},Ti2,(Kl,  while  that  of  the  Board  of  Engineers 
waa  $I4,198,:U6. 

The  quantity  of  water  needed  to  operate  the  canal  is  dependent  on  its  character  and 
dinienHiuns,  the  size  and  lift  of  its  locks,  and  the  daily  tonnage  to  be  accommodated  ; 
and  if  the  canal  have  a  summit-level,  we  must  consider  its  ehoroeter  and  the  length 
of  canal  on  each  side  of  the  summit,  which  must  be  supplied  therefrom. 

Tlie  continual  losses  by  surface  evaporation,  filtration,  al>aorplion,  sud  waste  at 
weirs  and  aqueducts,  must  also  be  snpnlied.  All  these  sources  of  loss,  except  that  by 
evaporation,  can  be  reduced  to  reaaouauly  small  miantities  by  careful  construction. 

If  we  nse  the  dimensions  recommended  by  the  Boatd  of  Internal  Improvements,  we 
jtet  a  surface  width  of  48  fiwt,  and  locks  100  feet  loog,  15  feet  wide,  and  9  feet  lift. 
These  locks  are  adapted  to  the  nse  of  boats  of  120  tons  burden.  [The  average  tonnage 
of  the  canal-boats  now  iu  use  on  the  Chesapeake  and  Ohio  Canal  is  abont  11*2  tons.] 

Boats  passing  alternately  np  and  down  through  the  locks  can  be  pa.'ued  at  the  rate 
of  one  boat  in  eaeb  eight  minutes,  or,  say,  seven  ner  bonr,  or  one  hundred  and  sixty- 
eight  per  day  of  twenty-four  hours,  which  iseqoal  to  a  daily  tonnage  of  20,160  tons,  or 
an  aoonal  tonnage  of  6.14)^,800  tons  for  ten  months  of  the  year,  the  probable  navigable 
season  on  this  route.  [The  greatest  number  of  boats  passed  through  one  lock  iu  one 
dav  on  the  Erie  Canal  was  170  in  1862.] 

The  snmmit-level  of  this  route  is  taken  at  an  elevation  of  2,100  feet  above  tide. 
Cumberland  has  an  elevation  of  603  feet,  and  the  mouth  of  Savage  Kiver  ^GO  feet  above 
liile,  while  the  Castleman  Kiver,  at  the  mouth  of  Piney  Gun,  has  nu  elevation  of  1,91)0 
fet't  above  tide. 

Caslleman  Kiver  is  a  large  stream  amply  sufHcient  to  feed  the  canal  westward  from 
the  summit.  The  ascent  from  the  mouth  of  Savage  River  to  the  summit  is  at  the  rate 
of  6&  feet  per  mile,  and  the  tunnel  is  designed  to  pierce  the  mauutaiiis  at  an  elevation 
at>ont  100  feet  higher  than  the  mouth  of  Pmey  Run.  There  is  not  a  sutHciency  of  water 
tn  feed  the  canal  on  the  eastern  slope  of  the  mountain,  above  the  mouth  of  Savage 
River,  and  a  portion  of  the  canal  must  be  supplied  from  the  snmmit-level. 

We  will  now  examiue  the  cunditions  of  loss  and  supply  of  the  section  east  of  the 
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Bnmmit,  with  a  yiavr  to  determine  bonr  much  loss  must  Deeds  be  supplied  from  lbs 
finnimit -level. 

The  sectiuD  from  CiirabeTlniid  to  Sava^  River,  tliirtif-one  miies  in  lengtli,  can  crr- 
tainlj  be  suppliwl  from  tba  duily  diucliurge  of  tne  Nortli  Branch  and  Savage  Eivet 
Allowing  the  daily  loss  by  evaporation,  filtration,  and  alisorption  and  traste  at  idn 
to  amount  to  three  inches  per  dav  for  eacli  si|uare  foot  of  Burfoce,  we  find  a  dailj  Ins 
on  this  ecctionof  1,964,160  uQbiufuet.  (5,280  by  ;n  by  48  by  i,)  2,273  cubic  feet  per  b«- 
ood.  No  account  bas  been  taken  of  the  leaking  and  Hpill  at  lucks,  ns  these  <|QaDliu<« 
may  be  conflidered  b«  the  same  at  each  lock,  and  this  water  merely  passee  from  use 
level  to  another  iu  the  same  mauner  as  the  prism  of  lift,  without  loss  to  the  canaL 

Several  f^augings  of  Savage  River,  near  its  moutb,  gave  an  average  discharge  of  19 
cnbic  feet  per  second,  and  north  braucb  was  estimated  to  deliver  at  least  three  timesu 
much  more,  or  M  cubic  feet  per  second,  making  an  available  supply  of  72  cubic  feel 
per  second,  or  more  than  three  times  the  estimated  qnautity  required. 

These  estiioated  losses  of  water  are  taken  fur  a  well-made,  puddled  canal  of  favna- 
We  couditioos.  A  new  canal  during  the  first  year  or  two  would  probably  lose  twico 
this  quantity  per  day ;  and  if  the  canal  were  occupied  by  active  transportation  tti« 
agitatiou  caused  thereby  would  slightly  increase  the  loss  by  evaporation  aud  waste: 
however,  these  causee  cannot  have  a  uaxiinum  elFect  etLcept  when  the  canal  is  n^li 
filled  with  water.  No  account  is  taken  of  the  lockage  at  preseut,  because  the  prism 
of  lift-water  passes  from  level  to  level  like  the  spill  and  leakage  at  the  locks.  If  pio- 
visiou  be  made  fur  feeding  the  canal  at  one  or  two  other  points  before  reaching  Cum- 
berlaud — say  at  half  way — then  the  loss  to  be  Sitp:>liei1  at  the  month  of  Savage  Riv«r 
would  be  but  oue-balf  that  stated  above,  or  1)^2,100  cubic  feet.,les8  than  I'i  cubic  fnt 
per  second,  and  only  two-thirds  of  the  quantity  of  water  discharged  by  Savage  Kivei 

The  sum  in  it-level  is  at  a  distance  of  sixteen  miles  fWim  the  mouth  of  Savage  Rivet. 
the  ascent  beiug  1,140  feet,  and  therefore  requiriug  143  lucks  of  U-fuut  lift,  or  114  locb 
of  lO-fuot  lift. 

The  daily  loss  from  evaporation  on  this  section  wonld,  in  accordance  with  thetboiv 
data,  be  less  than  t'J  cubic  feet  per  second.  There  is  no  other  available  constant  soppi; 
of  water  east  of  the  summit  for  this  eection  tbau  the  Savage  River,  which  in  AuJM 
last  gauged  but  fi  cubic  feet  per  second  at  the  mouth  of  Blue  Lick.  To  supply  then- 
mainingU  cnbic  feet  per  second — 51'j,400  cubic  ftvt  per  day — during  the  months  of  Jolv. 
AuguHt,  and  September,  will  require  a  reservoir-Capacity  of  about  rr2,<)00,000  cubic  fet^, 
includins  a  loss  by  evaporation  of  one-quarter  of  an  inch  per  day  on  rcsurvoics  of  IjM 
depth,  without  regard  to  either  steady  or  periodical  influx  durinjr  that  time.  Tbe 
available  places  for  reservoirs  are  the  valleys  of  Crabtree  Creek,  Mouroo  Run,  Pajibi 
Lick  Run,  and  the  Savage  Klver,  above  the  mouth  of  Itlue  Lick  Run.  Alio tliug one. 
fifth  of  this  quantity  (say  10,5UU,<H)0  cubic  feet)  to  en<^h  of  the  three  Hntt-iiamed  pUcr<, 
we  find  that  these  reservoirs  must  be  1,KOO  re>et  long,  SUO  feet  wide,  and  must  nverijn '• 
feet  iu  depth.  Allotting  to  the  Savage  River  the  remaining  two-lifths  of  the  qusniii.i 
to  he  stored,  or  •J1,UUU,000  cubic  feet,  we  must  provide  a  reservoir  -2,500  feel  \or\fbr 
51!0  feet  wide,  averaging  15  feet  in  depth.  This  can  readily  bo  done.  A  much  lirx" 
reservoir  can  be  pnivide<l  on  the  Upper  Savage  than  is  herein  reqnired,  the  vsillct 
beiug  wry  favorable  in  its  topography,  iis  was  ilevelu[ied  by  our  survey.  That  tkr^ 
rcaervoira  would  be  filled  in  the  spring  mouths  is  beyend  doubt,  as  an  hiUux  uf  4  coliic 
feet  per  second  would  fill  either  of  the  smaller  ones  In  thirty  days,  and  the  larger  o« 
in  double  that  time  ;  and  all  these  streams  deliver  from  10  to  20  cubic  feet  per  second 
in  March  or  April,  when  the  snows  are  melting  ;  whilu  onlv  two-ilflbs  of  a  culiic  fi»l 
per  second  is  needed  to  replace  the  evaporation  on  one  of  the  smaller  reservoirs. 

We  come  now  to  consider  the  summit-level  with  atuuucl  of  five  miles  iu  len;^k. 
and  a  basin  at  each  end  one-half  a  mile  long  and  32  feet  wide,  the  tnntiel  ilaelf  hsvini! 
S3  feet  width  of  water.  The  evaporation  iu  the  tunnel  may  be  taken  as  nothing,  as  in 
fact  there  is  always  an  infiltration  at  tunnels  that  may  be  utilized  in  this  case,  si>^ 
assuming  that  the  tunuel  may  be  brick-lined,  we  need  only  consider  the  loss  by  evap- 
oration, &C..OU  the  two  basins,  or  open  portions,  and  that  by  leakage  and  spill  at  Ihf 
locks  at  each  end  of  this  level.  The  latter  may  bo  taken  at  1,000  cubio  feet  per  bosi 
at  each  lock.  Assuming,  as  before,  the  daily  loss  by  evaporation,  aliaorption.  and  fitira- 
tiou  at  3  inches  of  depth  per  day,  we  obtain  for  one  mile  of  ennal  a  loss  of  42,240  cahk 
feet  per  day,  which,  inci'eased  by  4ri,000  cubic  feet  for  loss  at  locks,  gives  a  total  nvlr 
on  the  summit-level  of  !IO,l!40  cubic  feet  per  day.  Untthe  loss  from  evaporation,  Stf^ 
between  the  tunnel  and  the  mouth  of  Piney  Run  on  the  west,  and  the  mouth  of  UIik 
Lick  on  the  east,  a  total  distance  of  nine  and  a  half  miles,  umst  also  be  supplied  fioo 
the  summit-level,  and  this  causes  an  additional  daily  loss  of  601,920  cubic  feet,  matin; 
A  total  daily  loss,  which  must  be  ma<le  };ood,  of  692,160  cubic  feet  iier  day. 

To  determiue  the  qnantity  uf  water  drawn  from  the  summit-level  by  lockage.,  vr 
must  assume  that  a  certain  numbi'r  of  boats  will  pass  the  sunnnit  dally.  If  boH' 
follow  each  otlii-r  in  the  same  direction  over  a  summit-level,  each  will  take  from  thi^ 
level  two  luckfals  of  water ;  hut  if  they  alternate  uniformly,  boat  with  boat,  then  fl' 
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boat  dtftiTH  off  bnt  one  lockful  of  water.  For  the  parposea  of  tliU 
asBume  tbat  two-thirds  of  the  boats  passing  daily  are  Koius  in  tbe  same  direction,  and 
the  other  third  in  the  contrary  direction,  and  thus  each  boat  may  be  cbaiged  as  dcaw- 
ine  off  oneandahalflockfulBeBcb,  equal  to  18,000  cubic  feet. 

We  irill  for  tbe  present  consider  the  daily  tonnage  to  equal  IDO  boata  per  day,  re- 
quiring  I.cOU,000  cubic  feet  of  water  for  lockage  daily,  to  nhich  add  the  dally  lose  from 
evaporation,  absorption,  filtration,  and  leakage  heretofore  fonud,  (673.100  cubic  feet,} 
and  we  have  a  total  daily  loss  on  the  snmmit-level  ot'i,i92,l60  cubic  feet,  or  ^.8  cubic 
feet  per  second. 

The  only  available  source  of  supply  for  feeding  this  hu  mm  it-level  is  Ca.itletaati  Biver, 
into  whuee  valley  tbe  tunnel  opens.  The  elevation  of  the  summit -level  baa  been  taken 
Titb  special  reference  t«  obtaining  tbe  necesaarv  feed- water  from  the  Pleuober  reservoir 
on  ContietUAn  Kiver,  which  was  originally  designed  for  the  Will's  Creek  route.  The 
avera^  supply  or  discharge  of  the  river  is  greater  than  tbe  quantity  required,  as  the 
foUowiDg  gauging  will  show : 

Cubic  feot. 

Juno  21,  1925,  at  Pleneher's,  per  second IB 

July  10,  laio,  below  Flangherty,  per  second 38 

July  12,  1&&.  month  Flaugbfirty,  per  second 46 

March  21,  1825,  at  Pleneher's,  pet  second 98 

March  •H,  1825,  below  montb  of  Pi ney,  per  second 536 

At  the  time  of  our  survey  a  ganging  of  the  river  at  Pleneher's  Narrows  gave  25  cubic 
feet  per  second.  ^ 

TaKiug  the  same  capacity  of  reservoirs  as  tbat  proposed  by  tbe  Baaed  of  Internal 
Improvements,  namely,  126,:).'{3,TB0  cubic  feet,  this  amount  would  be  furaisbed  in  fif- 
teen days,  aecording  to  the  ganging  of  March  21.  If  we  assume  that  only  half  of  this 
daily  supply  could  he  expected,  we  yet  find  that  the  reservoir  could  be  filled  in  aoy  one 
of  tbe  spring  months. 

This  reservoir  was  stated  to  have  a  snrface-area  of  9,3  o, 400  square  feet,  from  wbicb 
tbe  daily  evaporation,  at  a  rate  of  one-fonrth  of  an  inch  per  day,  would  be  195,130 
cabio  feet,  giviDg  tbe  total  daily  consumptioa  and  toss  as  follows: 

Cubic  feet 

Lockage  of  100  boats 1.800,000 

Evaporation,  &a.,  summit^level 90,240 

E\-aporation,  &c,  OQ  9j  wiles  of  canal 601,920 

Total  daily  consamption 2,582,160 

This  is  at  the  average  rate  of  31  cubic  feet  per  second.  It  may  be  safely  assumed 
that  this  daily  consumption  woald  be  met  by  the  average  daily  discharge  of  tbe  rirer, 
except  during  the  months  of  July,  August,  and  September,  but  during  these  montbs 
the  nataral  flow,  at  a  rate  of  18  cubic  leet  per  second,  the  lowest  gauging  given  would 
put  into  the  reservoir  l,55o,200  cubic  feet  per  day,  leaviog  only  1,13.3,441)  cubic  feet  to 
l>e  supplied  from  tbe  previous  accumulations.  At  this  rate  the  reservoir  would  not  be 
emptied  in  less  than  one  hundred  and  eleven  days,  or  in  four  months  less  nine  days, 
even  if  there  should  be  no  rain-fall  during  the  muotfas  earned. 

Jn  addition  to  this  supply,  a  reservoir  is  practicable  on  Meadow  Hun,  and  auother,  of 
a  probable  capacity  of  £>,0()0,OUU  cubic  feet,  on  Piney  Run,  which  hiu  a  supply  of  3 
feet  per  second  at  Findlay's  Mill  during  tbe  average  summer  disoharge.  Assuming  for 
tbe  Meadow  Creek  reservoir  an  equal  capacity  and  a  depth  of  10  feet  in  eaub,  the  lose 
by  evaporatiou  would  be  for  both  104,200  cubic  feet  per  day,  and  the  iullux  (allowing 
only  2  feet  per  second  for  Meadow  Run )  4^2,000  cubic  feet  per  day. 

The  Meadow  Run  feeder  would  probably  be  about  one  mile  in  length,  and  the  Piney 
Run  feeder  about  three  and  one-half  miles.  Assuming  each  fuedei*  to  have  a  width  of 
20  feet,  we  thus  have  a  total  feeder-surroce  for  these  two  reservoirs  of  four  and  one- 
balf  miles  In  length  and  20  feet  in  width.  According  to  our  previous  allowance  of  3 
inches  vertical  on  each  square  foot  for  losses  by  all  causes,  we  have  a  total  daily  loss 
on  these  two  feeders  of  lie,800  cubic  feet. 

We  would  thus  have  a  storage-capacity  of  176,33^,780  cubic  feet,  and  a  daily  flow 
into  the  reservoirs  of  1,9^,200  cubic  feet.  On  tbe  other  hand,  we  have  a  daily  cod- 
sumption  on  the  canal  of  2,542,100  cubic  feet,  and  a  daily  lesson  reservoirs  and  feeders 
of  418,120  cubic  feet.  The  dully  droin  on  tbe  sn[iply  stored  would  therefore  be 
1,013.080  cubic  feet,  which  would  not  exhanst  them  in  less  than  174  days,  or  about  six 
months.  If  tbe  total  inflnx  were  bnt  12^  cubic  feet  per  second,  the  reservoir  woald 
last  92  days,  even  should  the  canal  be  worked  to  its  maximum  capacity  througboat 
the  driest  season  of  the  year,  conditiun^  that  seldom  occur  and  act  conjointly  for  tbe 
whole  season  of  the  three  dry  months.  Any  less  amount  of  business  than  has  beea 
aasuiued,  (equal  to  3,r>ao,000  tons  during  a  navigation  season  of  ten  months,  and  the 
tonnage  of  tbe  Erie  Canal  is  given  as  'i,i>&2/iO0  tons  for  l!^2,}  or  any  rain-fall  duriug 
S— 8 
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tbe  moatha  uamud,  rendtrB  luore  certain  tLe  adeqiiacf  of  tlie  supply ;  uid  oaiy  tint 
oarelrss  couetniclioQ  of  thn  caual  aud  its  appurk^Laacea,  or  an  increnae  of  bnaiiirai 
over  tbat  supposed,  or  a  more  protracted  drought  than  has  ever  been  known  in  tbli 
legion,  can  render  the  supply  inadeqnatd. 

Tbe  data  used  for  eyaporation,  absorption,  and  filtration  and  waste,  are  tbeiver^es 
of  tbe  beat  antborlties,  and  they  are  50  per  cent,  j^reater  than  are  taken  for  tbe  eauaii 
of  Great  Biitain. 

If  we  consider  tlie  snnilnit-Bnp]iIy  as  dependent  on  the  avcraf^e  annoal  rain-fall  and 
the  catchment-basius,  we  tind  tbat  tbe  catchment-banin  of  tbu  Pleucher  retervoir  il 
Tery  uearly  tvrelve  miles  long  and  Ave  mites  vide,  and  has  an  area  uf  sixty  sqnsn 
mllea.  Tbe  avera;;e  acnnal  i-aiu-fiill  at  Pittsbiiix,  Pa.,  wiu  34.96  inches  for  eiKhMi 
years ;  nt  Marietta,  Ohio,  41J>S  inches  for  twenty-ej^ilit  Tears  ;  at  Purtsnioutb,  Ohio, 
38.20  inchee  fur  fifteen  years;  at  Carlisle,  Pa..  34.00  iuchOH  for  six  years;  and  il 
GettysbnDc,  Pa.,  38.80  inches  for  seven  years.  If  ne  take  uu  average  of  theM  at  rep- 
resenting the  anuDol  raiu-fall  for  tbe  region  nuder  cousideraCiou,  wu  get  'JH  incbet  p«r 
oaniim.  Applying  this  to  tbe  catchment -area  given,  aud  astjumiug  that  but  one-thini 
of  tbe  quantity  is  caui^ht  by  the  reservoir,  we  have  an  annnal  quantity  of  l,G!)e,9E5,W« 
onbic  feet,  enouf;h  to  fiJl  the  reservoir  thirteen  times;  aud  the  Finey  Run  reeetvoir, 
with  a  catchment-area  of  twelve  square  milas.  would  also  be  tilled  tbirtueu  times;  tbe 
total  annual  supply  by  rain-full  being  3,03d,T5d,360  cubic  feet,  which  gives  au  adeqnitt 
snpply  for  the  use  of  the  canal  during  a  period  of  twenty- live  months,  nitb  allonsDca 
for  evaporation  of  reservoirs  aud  loss  in  feeding. 

Again,  If  we  take  an  average  of  the  gauging  in  Harcb  aud  June  as  represen ting  tbe 
available  r^n-fall  that  will  be  caught  by  the  Pleucher  reservoir,  we  get  l,SaS,Or<iJM 
cnbic  feet  as  the  annual  supply  ;  whereas  the  couauniptiun  fur  the  usee  of  tbe  couil 
would  be  for  ten  months  7HU,000,I)00  cubic  feet,  or  only  about  43  per  cent,  of  tbe  ef- 


mated  supply.  This  estimate  of  consumption  ia  twice  as  great  aa  that  assumed  by  Ike 
Board  of  Internal  ImpTOvemeMl.s. 

The  changed  conditions  with  reference  to  the  Forney's  Mill  reservoir,  consider^ 
essential  to  the  supply  of  water  for  the  Will's  Creek  route,  renders  it  of  doubtful  pres- 
ent practicability.  Its  site  is  at  the  mouth  of  Piney  Kuu,  with  a  dam  one-quarter  of 
a  mile  below,  and  the  height  propo<ied  would  riuse  tbe  water  to  a  cuntour-line  HOTn! 
above  the  present  surface  of  the  mill-dam  at  that  place  ;  would  reach  nearly  one  fourth 
the  distance  to  Plencher'a  Narrows,  and  nearly  a  half  mile  up  Piney  Run  ;  would  flood 
the  Tuad  from  Salinbnry  towanl  M'lyei's  iJoie  City  lur  a  distance  of  half  a  mile,  anil 
would  enbmerve  the  bridge  of  Liveugooil's  Mill,  and  the  one  at  the  mouth  of  Fiats 
Bun  ;  it  would  aUo  cover  tbe  mad  aud  bridge  towanl  Grantsville,  abont  one  mile  of  I 
graded  railroad,  tu  a  depth  of  from  10  tu  20  feet,  two  mills  now  in  operation,  a  larj^ 
area  of  valuable  uieadow  furmiug-laod,  and  a  part  of  tbe  surveyed  site  of  the  toxD  of 
Salisbury. 

A  low  dam  now  in  use  on  this  site,  if  uiade  tight,  wonld  save  tbe  water-supply  fur 
feeding  the  caual  below  tbe  muutb  of  Piuey  Run. 

I  have  personally  examined  Castlemao  River  to  some  distance  above  P)enclie)'s 
Narrows,  and  tiud  that  a  reservoir  uf  couaiderable  capacitv  may  be  cnnstmctHd  a1  llf 
crossing  of  the  Nutional  road,  abuut  two  miles  above  Plencher'a.  That  wouldlbe  a  very 
useful  auxiliary  for  storing  water  for  the  summit-level,  aaviug  a  portion  of  tne  drain- 
age that  in  spring  floods  would  waste  over  tbe  Pleucher  dam. 

There  is  yet  another  source  of  supply  for  the  summit-level  on  the  Upper  Sa>-ai5e  it 
"" ..    r  ..  .  r iugroad,  v"         ■■       ■       ■■         '  ■'  .......... 


the  crossing  of  tbe  Lonoconiug  road,  where  the  elevation  of  the  stream  is  2,1H0  fceC>> 
the  distance  of  five  and  a  half  miles  from  the  mouth  of  Blue  I-ick.    The  to 
very  favorable  for  a  liir|»e  reservoir— «ay  uf  a  capacity  of  80,000,000  cubic 


the  distance  of  five  and  a  half  miles  from  tbe  mouth  of  Blue  I.ick.    The  topograpli;  ii 

' able  for  a  lari-e  reservoir— «ay  uf  a  capacity  of  80,000,000  cubic  feet.    Thia 

it  supply  would  Iw  iucreased  by  nearly  50  percent.,  and  furthermore  provi* 


an  ample  supply  to  replace  the  loss  by  evaporatioD  o  

the  summit-level  to  the  mouth  uf  Savage  River.  If  reasonable  expense  were  jncarnd 
lu  puddling  or  lining  the  feeders,  with  a  view  to  reduce  the  loss  in  trausmiseioii uf 
supply  to  a  minimum,  the  supply  of  water  would  be  sufficient  for  tbe  most  active 
buslneaa  of  tbe  canal. 

Tbe  tDDnel  enters  the  valley  of  Castlenian  imme<Iiately  at  the  Pleiicber  teservoir, 
and  there  wonid  not  be  any  loss  on  feeding  therefrom,  but  tbe  feeders  from  Meadu*' 
Rod  and  Piney  Bun,  if  bronght  to  the  summit-level,  should  probably  be  lined,  hal  if 
fed  into  the  canal  at  shorter  distances  they  would  not  ueed  to  be  lined. 

ESTIMATE  OF  COST. 

In  making  this  estimate  of  cost  I  bave  adhered  to  the  dimensions  recorameoded  kr 
the  Board  of  Iuf«rnal  Improvemeuta  iu  their  report  of  IWW,  viz :  48  feet  width  at  "•If 
line;  XI  feet  width  at  bottom,  and  a  feet  depth  of  water ;  locks  100  feet  long,  lb  l«t 
wide,  and  of  G  feet  lift :  because  reference  most  he  hod  to  the  quantities  of  work  t»  ka 
done  as  estimated  by  them  between  Cumberland  and  tbe  moutb  of  Savage  Rivet,  v^ 
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from  Meyer's  Mill  to  Pittabnrx-  These  diineDAJons  are  very  nearly  the  sBrue  as  those 
of  the  completed  eoDBl  between  Harper's  Ferry  auit  Cumberland,  a  distunce  of  one 
hondred  and  twenty-five  miles,  equal  to  twci-third«  of  the  length  of  the  tinished  canal. 

Section  /I'ont  Camberlaad  to  mouth  of  Sanagt  Eiver,  length  lliirtji~one  nilea,  lockage  SM/eet. 

1,336,600  cnliic  yards  excavation,  earth,  at  30  cents  per  yard (400,980 

300,(00  cubic  yards  excavation,  rock,  at  J1.25  per  yard 375,000 

1,300,000  cubic  yards  embankment,  at  20  cents 260,  OoO 

200,000  cubic  yards  retaining  wall,  at  (1.50 300.000 

in'0,000cQbic  yards  pnddlinji.  at  10  cents  extra 27,000 

40  culverts,  (arches,)  at  J2,000  each BO,  000 

42  locks,  B  feet  lift,  at  J15,OO0  each 630,000 

aaiiueductB,  120  feet  and  210  feet,  (wooden) 10,500 

1,000  cubic  yards  squeduct  maeoiirv,  at  |10 10,000 

4  wa«te-weire,  $3,000  each 12,000 

30  farra-bridms,  at  $450 13,500 

5  miles  grabbing  and  clearing , 1,250 

3  dams,  at  $3,000  tach 9,000 

400  acres  land -dam  Bfiw.  at  $50 20,000 

Special  datnuji^,  wator-powere 15,000 

Engineering  and  supeTiuteudeuve 75,000 

Snni  of  Items 3,239,330 

CoutlDgeDoies,  10  per  cent 223,933 

Coat  of  thirty-one  miles,  averaging  $73,456.55 2,463,153 

These  quantities  are  made  from  a  comparison  of  those  of  the  Board  of  Internal  Im- 
'  I,  and  those  of  Messrs.  Roberts  and  Crager.    Adding  the  itenia  of  farm- 


bndges,  waste-weirs,  land  and  special  damages,  aud  enKineeriug  saperiutcDden 
growing  out  of  the  changeil  conditions  of  Chen  and  now,  the  average  cost  per  mile  oi 
this  section,  by  the  Board  of  Internal  Improvements,  was  $59,476. 

Front  the  vtonlh  of  Savage  Sivar  to  Crabirta  Creek,  ditlanoe  five  a»d  a  ka^f  tnilet,  lookajw 

388 /Ml. 

150,000  cubic  yards  excavation,  earth,  at  30  cent* $45,000 

50,000  cubic  yards  excavation,  rock,  at  $1.20 60,000 

80,000  cubic  yards  embankment,  at  30  cenM 16,000 

10,560  cubic  yards  retaining  wall,  at  $1.50 15,840 

40,000  cubic  yards  puddling,  at  10  cents  extra 4,000 

3  culverU,  at  $1,500  each ■ 4,500 

48  locks,  at  $13  500  each .- 648,000 

I  aquednct 3,000 

900  cubic  jards  masonry,  at  $8 7,200 

5  mite«  grubbing  aud  clearing,  at  $300 1,500 

Dam  and  feeder,  Crabt roe  Creek 15,000 

iidams 3,000 

Engineering  and  superintendence 12.500 

Snm  of  items 835,540 

Contingencies,  10  per  cent tl3,554 

Cost  of  5}  miles,  averaging  $167,108 919,094 

The  rock-excavation  ou  this  section  is  a  sandst{)Ue  stratum,  and  more  cheaply  worked, 
and  being  of  a  quality  suitable  for  the  required  masonry,  and  close  at  hand,  the  ma- 
sonry con  be  more  cheaply  doue.  The  average  cost  is  great ;  but  there  are  iiine  locks 
per  mile,  making  more  than  70  per  cent,  of  the  cost. 

From  Craitree  Creek  to  lammit-Utel,  iUlance  eleren  milai,  lockage  72Sfrti. 


800,000  cubic  yards  excavation,  earth,  at  30  cento $240,000 

400,000  cubic  yards  ombankmeut,  at  20  cents 80,000 

14O,000cubioyardBpuddling,  at  10  cents  extra 14,000 

10  colvBrts,  at  $1,500  each 15,000 

93  locks,  at  $13^500  each 1,343,000   . 

10  miles  grubbmg  and  clearing 2,500 
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5  crosaiDK-briilgos,  kt$450 ti.&) 

5,000  cubloiraMB  protection,  at  f  1.35 6,850 

SreMfToiTB  anA  feeders 30,000 

1  TMervolrand  ferder 15,000 

EDglDeeriag  and  Buperiut«Ddence .' S^OOO 

Snmof  iteniH : 1,602,000 

ContiugencieB,  10  percent .. 166,800 

Cost  of  11  milea,  averaging  f  166,200 1,888,800 

Od  this  section  ninety-two  locks  make  two-tbinls  of  its  coat  The  reaervoits  foe 
Monroe  Kun,  Poplar  Lick,  and  the  Upper  Savage  are  iucladed. 

Sumntit-Ui^l,  »ix  axd  a  half  Ki1e$  long. 

This  level  compriMH  n  tnnnel  five  miles  long  and  appiOB«;b-basins  each  three-qaar- 
ters  of  a  mile  long.  The  UimeDHions  of  the  tnnnel  are  given  by  a  segmental  circulir 
section  of  33  feet  diameter,  with  a  height  of  26  feet  [^om  bottom  of  tonnel  to  crown  of 
arch,  providing  a  wMte-way  25  feet  on  bottom,  6  feet  deep  and  32  feet  on  top,  and  a 
head-way  of  W  feet;  the  lioing  to  be  of  the  beet  hard  brick,  with  a  thickness  of  li 
inches  all  around  the  section.  Horizontal  fenders  are  to  be  laid  at  water-line,  to  act  as 
fenders  for  passinghoata  and  to  protect  the  brick^masotiry  fhimiiOury.  ThepapproschM 
are  to  give  a  top  water-line  of  32  feet  and  a  bottoin  width  of  2S  feet,  (in  rock-euttitii;.) 

No  provision  is  made  for  a  tow-path,  because  the  additional  coat  of  doing  so,  say 
$500,000,  would,  at  7  per  cent,  interest,  maiutain  and  operate  five  tng-boata,  enougli 
ioT  the  bnsinasB  of  IDO  boats  per  day. 

9rO,000  cubic  yards  eioavation,  tunnel,  at  (5 $4,350,000 

2,500  cubic  yards  excavation,  shafts,  at  (5 12,500 

81,000,000  brick,  lining  of  tnnnel,  at  {25  per  thousand 2,096,000 

600,000  brick,  lining  of  shafts,  at  (25  per  thousand 15,000 

160,000  feet  (board-measnre)  fenders,  at  |30  per  thousand 5,610 

200,000  CDbic  yards  rock-excavation,  approaches,  at  (1.25  !Sa,O0D 

30,000  cubic  yards  concrete  filling  aboat  arch,  at  $10 SOW,  ON 

10.000  cubic  yards  puddling,  at  30  cents 3,000 

44,000  cubic  yards  ilUing  on  top  of  arch,  at  $1 41,  OOP 

Engineering  and  superintendence, 5  years aO.OW 

Snmof  items 6,955,140 

Contingencies,  20  i«r  cent 1,391,02a 

Cost  of  summit-level 6,3I6,16« 

Front  gummil-level  lo  ke  ntoutk  of  Finej/,  five  and  a  qvarttr  miJa. 

300,000  cubic  yards  excavation,  earth,  at  30  centa $90,000 

50,000  cubic  yards  excavation, rock,  at  $1.25 62,5«' 

200,000  cubic  yards  embankment,  at  20  cento 40,(WI 

60,000  cubic  yards  puddUng,  at  10  cents  extra 6,lW 

8  culverts,  at  |l,5O0  each 12,M« 

1  aqueduct  over  I'iuey  Run  5,000 

16  locks,  at  115,000  each 240,000 

450  cubic  yards  abntment-mB8onry,at$8 3,000 

Orabbiug  and  clearing .6M 

6  bridgB-eroBsings,  at  $450 a,7» 

Land-damages — 10,000 

Engiueering  and  superiuteudence 10,OOU 

Sum  of  items *ft**' 

Contingencies,  10  percent — • 4^»' 

Cost  of  GJ  miles,  (averaging  181,636.90) SSftSO 

From  moalk  o/  Fiiiey  lo  ]Utyer'$  2Iill,  lir  and  a  quarter  wHe* 

200.000  cubic  yards  excavation,  earti),  at  30  cents $60, OW 

30,000  cubic  yards  eicavalion,  rock, at  $1.50 45,OT 
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500,000  cubic  yards  embankment,  at  eo  cents $100,000 

50,000  cabicfaids  puddling,  at  10  cents  extra 5,000 

3,000  cabio  yards  protection,  at  $1^ 3,750 

6  lookB,  at  115,000  each 90,000 

8onlvBrt8,at$l,500 12,000 

10  croesiDg-bridses,  at  $450  each 4,500 

Grubbing  and  clearing 300 

X  aqueduct  for  Elk  Lick 4,500 

KepairiDg  dam  at  month  of  Pinej,  &o 5,000 

1  WBBte-weir 1,800 

Land-damage,  100  acrei,  at  >100 10,000 

450  cubic  forda  abutmeut-tDasour;,  att^ 3,600 

EngineeriDg  and  superiikteDdeDoe 15,000 

Sums  of  items 360,000 

CoDtingenciee,  10  per  cent .        36,  000 

Cost  of  5J  miles,  averaging  f72,000 396,000 

Fleachtr  retmoir  and  feeder. 

Dam  with  fegnlating  and  outlet  pipes $35,000 

Meadow  and  Pin«7  Run  reservoits  and  feedera 60,000 

Snm  of  items,  snmmil  feeders.. 96,000 

FroD)  Meyers'  Mills  to  the  vicinity  of  Connellsville  the  Board  of  Internal  Improve- 
ments coDBidered  the  work  in  three  characteristio  sections. 

The  first  section  west  from  Meyers'  Mills  of  sixteen  and  one-eightb  miles,  with  216 
feet  of  lockage  and  27  locks,  was  estimated  to  cost  $1,240,316,  avera^ng  $76,912.62  per 
mile.  DeducCioK  therefrom  one  and  one-eighth  miles  from  the  Summit-ieTel  to  the  val- 
ley, where  oor  line  woald  join  theirs,  we  get  thus: 

l»t  section,  fifteen  miles,  193  feet  lockage $1,163,304 

2d  section,  nineteen  and  six-tenths  miles,  420  feet  lockage 1,  459,317 

3d  section,  twenty-seven  and  one-half  miles,  432  feet  lockage . .......     1,515, 437 

Meyers' Mills  to  Connellsville,  sixty-two  miles 4, 138,05H 

Increasing  this  estimate  at  the  rate  of  SS  per  cent,  as  found  to  apply  to  the 

section  between  Cnmbarlaud  and  Savage  Eiver 1,034,515 

Sam  representing  estimate . 5, 172, 5TJ 

Contingencies,  10 per ceot  .. 517,257 

Cost  of  sixty-two  miles,  averaging  $91,771.45 5,689,t:l30 

I  have  carried  the  estimste  as  far  as  Connellsville  for  the  reasoD  that  I  am  informed 
th>t  a  company  has  been  formed  and  incorporated  by  the  State  of  Pennsylvania  for  the 
puTpoeeof  establishing  slack- water  navigation  as  far  east  on  this  line  as  Connellsville,  or 
Ohio  Pile  Falls ;  and  the  section  from  Cumberland  to  Connellsville  represents  fairly  the 
extent  of  canal  needed  to  be  provided  to  complete  the  water-line  to  Pittsburgh. 

llie  recap itnlatiou  is  as  follows: 

Cumberland  to  Savage  River,  Similes $2,463,153 

Mouth  of  Savage  to  Crabtree,  5J  miles 919,094 

Crabtroe  to  Summit,  11  miles 1.829,200 

Summit-level  and  tunnel,  6i  miles 8,346,168 

Summit  to  month  of  Piney,  Similes 530, 64  > 

Piney  to  Meyers' Mills,  6i  miles 396,000 

Beservoirs  and  feeders,  (Summit) 95,000 

Meyers' Mills  to  Connellsville,  fii  miles 5,689,830 

Cumberland  to  Coauellsville,  1274  miles,  averagiDg$15S,687  per  mile 20,2C8,065 

CorapariDg  this  estimate  of  cost  with  that  of  the  Board  of  loteroal  Improvements 
for  the  same  section  of  route  lietweeu  the  same  places,  we  have  from  tbeir  estimate : 

Camberland  to  Snmmit-level $3,856,624 

Summit^level 3,471,907 


y,  C.ix>^le 
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Summit  to  montli  of  Cnstlem&D ^,699,532 

CaBtluman  to  Connellaville 1,515,«7 

Total,  incliiiliDfcreBerv-oirs  and  feeders Il,!i43,i60 

If  the  tunuel  aoil  approacheu  bad  been  taken  of  the  aame  dimensions  as 
for  the  Savage  Kivei  route,  tbey  vould  have  added .  KiO,0OD 

MakinR  a  total  of 18,193,56(1 

Adding  25  per  cent.,  as  before 3,OM,3B0 

We  have 15.!Ml,9ai 

Cootingenoies,  10  per  cent l,5!M,l!e 

CoBtofoiDety-eight  miles,  averaging  1171,063.11 16,766.14.i 

Showing  so  average  of  $I^,*3[I  more  iier  mile  than  bj  our  estimate. 

The  difference  between  the  two  eetimatea  of  t;3,501,&90,  if  redoced  by  the  cost  of  the 
increased  oamber  of  locks  and  greater  length  of  tunnel  on  the  Savage  River  ronte,  n'ill 
be  bat  $2,003,000,  redacing  the  average  cost  per  mile  to  |147,20T,  indicating  the  more 
favorable  character  of  the  rente  in  regard  to  cost  of  constraction,  as  was  stated  in  the 
description  of  the  character  of  the  roul«. 

If,  in  further  comparison  of  the  Will'n  Creek  and  SavaRB  River  rentes  with  reference 
to  their  costs  now,  ne  take  into  consideration  that  tbe  Will's  Creek  ronle  betveen 
Cumberland  and  Meyers'  Mills  is  occupied  b;  a  railroad  in  operation  holding  almost 
the  very  ground  on  which  the  canal  was  located,  in  a  valley  of  which  a  great  portion 
is  not  wide  enongb  for  two  such  works,  and  wherein  the  canal  wonld  necessarily  have 
to  be  located  across  the  railroad  several  times  under  the  must  nnfavorable  condilioDB. 
and  with  a  secoiid  railroad  between  Cumberland  and  Little  Will's  Creek,  a  distanci^ 
of  fifteen  miles,  tbe  present  recast  of  tbe  former  estimate  would  fall  far  short  of  ibe 
extraordinary  espensea  that  oro  contingent  upon  the  above  conditions.  It  may  be  aS- 
Snned  of  tbe  Savage  liiver  ronte  that  "  il  utould  not  cosl  more  Ihaa  the  WUFi  Creek  nta'^.'' 

The  tannol  on  the  Deep  Creek  route  was  planned  for  a  length  of  one  and  one-llilnl 
miles,  but  the  western  dee|>-cut  approach  would  \ie  ficc  and  one-quarter  miln  long. 

Tbe  quantities  given  in  this  estimate  of  cost  are  as  correct  as  may  be,  without  a  inocv 
detailed  survey  and  a  definite  location.  The  line  of  the  proposed  tunnel  could  not  be 
snrveyed  to  determine  its  precise  length,  nor  tlie  character  of  the  approaches  thereU, 
nor  the  location  and  depth  of  shafts,  all  which  were  determined  from  the  preliminary 
survey.  It  ie  but  a  reasonable  presumption  that  a  careful  study  of  the  grouuil  nonld 
indicate  a  somewhat  shorter  tunnel  by  correction  of  chaining  and  plat,  and  indiciW 
favorable  places  for  the  approaches  thereto,  that  would  rednoe  the  estimate  of  oost. 

The  strata  that  would  be  pierced  by  the  tunnel  ore  inclined  at  ansies  of  15°  to  SO-', 
are  carboniferous,  and  contain  a  portion  of  the  "  loicer  ooal-meatureii/'  as  described  in 
Professor  Lesley's  report.  The  nufavorable  condition  of  tbe  (lierced  strata  wonld  ne- 
cessitate the  lining  of  [he  wat^r-seetion  of  the  tunnel  to  preserve  the  summit  fetd- 

The  tunnel  is  presumed  to  be  operated  by  steam-tngs,  for  the  reason  that  n  snfiiclent 
number  of  them  can  be  maintained  and  operated  toaccommodato  the  presumed  busines) 
of  tbe  canal  at  a  cost  far  less  (ban  the  interest  on  tbe  cost  of  increasing  the  size  of 
the  tunuel,  so  as  to  provide  it  with  towing-paths;  it  is,  however,  wide  enough  to  1» 
operated  in  both  directions  at  tbe  Mme  time,  .as  it  was  thought  that  the  delays  in  op- 
erating a  long  tuunel  only  wi(I*e  enough  for  one  boat  would  be  very  burdensome  to 
business.  Assuming  a  speed  of  three  miles  per  hour  through  the  tunnel,  boats  arrii- 
ina;  shortly  after  a  conToy  hod  started  throUKu  would  be  detained  nearly  four  hours,  and 
while  waiting,  if  the  season  were  a  busy  one/boata  would  rapidly  accnmulato  until  tbeie 
would  be  more  than  could  be  taken  through  in  one  convoy,  and  a  blockade  that  canld 
not  be  remedied  would  be  formed;  in  the  same  manner  a  narrow  tunnel  with  a  tow- 
patb  would  cause  a  still  more  serious  obsttiiction  to  biminass,  as  a  convoy  would  coo- 
Buine  at  least  three  hours  in  passinz  through  tbe  tnunel,  and  thus  there  would  b» 
Kreater  delays  and  unavoidable  blockades.  If  steam  should  be  brought  to  superMde 
horse-power  on  tbe  canal,  the  tunnel  noulil  be  favorably  conditioned  for  accommodat- 
iog  the  mailmuiu  traffic  that  could  pass  through  otliei  portionH  of  the  canal. 

The  tunnel  could  be  operated  with  an  endless  chain,  or  wire  rope,  worked  by  station- 
ftiy  machinery,  or  by  pneumatic  tubes  fixed  on  the  sides  of  the  tunnel  in  coDoectivn 
with  fixed  engines,  so  arranged  as  to  tow  single  boats  at  from  four  to  six  miles  pec 

Tbe  preseut  state  of  tbe  eotetprtse  does  not  warraut  an  investigation  of  these  sog- 
gestioDS. 

Ad  examination  has  been  begun  to  determine  the  conditions  governing  the  introdnr- 
tionof  inclined  planes  as  snlmtitntes  for  looks,  their  economic  value  as  to  ooBt,aiid 
economy  of  time,  and  water-supply,  and  their  applicability  for  carrying  caoal-tnui' 
routes  over  high  monQtalu-ranges. 


COMMERCIAL  LMPORTASCE. 

Of  the  importaucB  to  be  attached  to  the  ext«DBion  of  the  Cheaapeake  aad  Ohio  Caual 
as  one  of  the  water- lines  of  transportation  Let  ween  tbe  Atlantic  seaboard  and  the  great 
cereal -producing  region  of  the  great  Mississippi  Valley,  nothing  can  be  added  to  tho 
volnmes  that  have  been  devoted  to  that  subject  since  Washiugtron  first  interested  liim- 
»elf  in  the  scheme  of  improving  tbe  navigation  of  the  Potomac  River,  witU  tbe  ultimate 
purpose  of  bringing  the.prodncts  of  tbe  then  West  to  the  seaboard  by  this  route- 
Then  d  paralleled  development  of  tbe  great  We»t  into  a  dense  population  of  agricnl- 
tnriBts  and  collaborators  renders  the  necessity  of  extension  of  this  route  argent,  and 
the  condition  of  mouopoliet  controlling  tbe  transportation  of  tbe  products  of  ^e  West, 
esiablisbing  the  condition  of  middlemen  betneeu  tbe  coosamers  and  produoers  at  a 
ruiiiona  coat,  brings  about  tbe  clamorous  domands  for  its  earl;  cnmpletioa. 

Tbe  products  of  the  region  referred  tn  may  be  stated  at  40,000,000  tons,  of  which 
25,000,000  tons,  at  least,  are  destined  for  market.  The  capacities  for  cariying  this  east- 
ward are  as  follows,  bailed  apon  the  work  done  by  the  routes  named  : 

The  Erie  Canal  carries  in  one  year,  tons 2,6W,000 

The  Erie  Httihvay,  tons 895,000 

Tbe  Pennsylvania  Railroad,  tons 880,000 

The  Baltimore  and  Ohio  Railroad,  tons 000,000 

The  N«w  York  Central  Railroad 1,200,000 

Tbe  otber  railway  lines,  say,  tons 500,000 

Total 6,715,000 

Showing  that  only  abont  one-fonrth  of  the  products  seekins  a  market  come  direct  to 
the  East,  and  that  more  than  one-third  seeks  the  cheapness  of  tbe  water-tine. 

The  neccBHity  and  utility  of  additional  cheap  wator-linee  of  transportation  are  appar- 
fiit.  Further  illustration  of  tbe  utility  of  this  route  as  a  through  line  of  transporta- 
tion is  uncalled  for,  in  view  of  tbe  fdrthcoming  report  of  the  United  States  Senate  com- 
mittee on  lines  of  traiisportation  ;  but  tbe  local  interests  dependent  on  the  cxleiiaion 
of  thia  route  are  worthy  of  special  consideration. 

The  first  con ui deration  is  the  further  development  of  tbe  valley  of  tbe  North  Branch 
of  the  Potomac  River  above  Cumberland  and  its  several  tributaries,  in  the  progress  of 
which  tbe  low  rates  of  transportation  by  caual  as  compared  with  railroads  are  of  the 
fir«t  iinportaoce. 

Tbe  second  important  consideration  is  the  establishment  of  canal  transportation  to 
the  Cumberland  coal- basin  at  Piodmont,  twenty-eight  miles  beyond  and  west  of  Cam- 
lierland,  by  which  convenience  the  cost  of  coa!  to  the  sea-ci>iuit  market  should  be  re- 
duced by  $1-65  per  ton  on  present  rates  by  railroads,  aud  a  dollar  per  ton  on  present 
combiDed  rates  on  railroad  and  canal- 

As  a  third  consideration,  there  are  eicteusive  beds  of  the  louter  coal-terUi,  described 
in  the  appended  report  of  Professor  Lesley,  (Appendix  B,)  on  tbe  Kortb  Branch,  Irom 
the  month  of  Savage  River  to  its  headwaters,  a  length  of  some  thirty  miles,  And  ex- 
tensive forests  of  tlie  finest  of  timber,  both  on  the  North  Branch  and  the  Savage  rivers, 
already  in  demand,  and  now  taken  to  market  nnder  great  disadvantages  and  at  heavy 

But  the  most  important  featnre,  and  the  one  promising  tbe  greatest  beneiit,  one  that 
mill  soon  be  demanded  as  a  great  necessity  for  the  extension,  is  the  fact  that  tbe  Sav- 
age River  route  traverses  the  very  valuable  and  extensive  Satitbarg  mal-baiin,  which 
by  calculation  contains  90,000,000  tons  of  coal  that  can  be  brought  to  market  unt  of  a 
deposit  estimated  at  1!J4.000,000  tons,  lying  above  tbe  beds  of  the  Castieman  River,  at 
the  place  where  this  route  entore  the  valley.  The  qnautity  available  from  the  Imter 
coal-trrifi.  lying  below  the  bed  of  tbe  river,  is  estimated  at  W.Ol)0,000  tons  out  of  a  de- 
poait  of  120,000,000  tons.  The  upper  beds  can  be  worked  by  galleries  and  adits  nearly 
horizontal,  aro  readily  drained,  and  are  identical  with  the  great  Pittsburgh,  Sewickly, 
and  Cumberland  buds,  and  of  same  general  quality. 

Lat«  estimates  of  tbe  quantity  of  coal  remaioiug  of  the  great  vein  of  the  Cumber- 
land basin  give,  fbr  im9,  112,000,000  tons.  This  basin  is  beiug  exhausted  at  tbe  rat« 
of  2,000,000  tons  per  anunm,  increasing  at  tlie  rate  of  H  pet  cent-  each  year,  and  iit 
Ibis  rate  will  he  exhansted  in  about  twenty  years ;  and  the  next  available  coal-field  la 
tbe  SaliRbnry  basin,  only  some  twenty  miles  more  distant  from  tbe  eastern  markets, 
aud  yet  within  economic  distance. 

Tbe  Cumberland  coal  is  now  taneil  by  railroad  freights  $3.16  per  ton  per  two  band  red 
and  twelve  milett,  quite  nearly  one  and  a  half  cents  per  ton  per  mile.  This  coal  could 
be  brought  to  the  seaboard  by  canal  for  $1.06  per  tJin  exclusive  of  tolls,  which  ivauld 
be  in  fnll  bnsineM,  say  30  ceuts  per  ton,  a  total  of  91.36  per  ton,  a  saving  to  the  con- 
sumer of  8I.S0  on  present  prices,  or  nearly  36  per  cent. 

The  Salisbury  beds  are  opened  in  several  places,  and  a  railroad  is  grndeil  t«  conuoct 
with  the  Baltimore  and  Pittsburgh  line.    The  Keystone  Coal  Company  are  mining  > 
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SDd  piittiug  cnal  ou  thu  Baltimore  and  Pittsburgh  Railroad  by  a  narrow-gauge  line  tl 
the  rate  of  ISO  tons  per  da;;  but  the  railroad  uionopolv  obstructa  tbe  getting  of  tbe 
products  of  this  ooal-basiii  to  market,  and  retards  and  delays  the  operations  of  Diiaine; 
and  ooDSeqaeutl;  tbe  Camberlaad  Coal  Companies  avoid  competition ;  all  which  reacu 
on  tbe  prices  at  the  eastern  coal-markets,  to  the  great  disadvantage  of  all  olassea  iif 
ooaanmers,  domestic  and  ptoductive. 

For  a  faithful  and  full  report  on  the  Salisbury  coal-basin  with  regard  to  qnuility, 
quality,  and  geological  identity,  I  am  enabled  to  refer  to  tbe  a«companyinf;  report  of 
Prof.  J.  P.  Lesley,  for  the  use  of  which  I  sm  indebted  to  the  conrteay  of  Mr.  John 
Anspach^  president  of  tbe  Salisbuni-  and  Baltimore  Railroad  and  Coal  Company;  I 
am  also  indebted  to  Mr.  Frank  T.  Wilson,  engineer  for  tbe  company,  for  valnable  in- 
formation and  professional  couttesies. 

That  the  lower  coal-series  can  be  extensively  worked  on  tbe  north  branch  above  tbe 
month  of  Savage  River  is  without  qnestion,  as  many  places  are  opened  to  veins  of 
a  and  6  feet  thickness,  and  even  of  greater  thickness,  near  the  head  of  that  stream. 

Tbe  importance  of  this  extension  is  also  apparent  in  regard  to  reachiox  the  sevsrsl 
— 1  «„i.i»  .(  .i.„  V ui — 1 ^^  referred  to  in  Professor  Lesley's  report. 

Thouas  9-  Skdgwick, 


Appendix  A. 

BOVBMKST  OS   THE  CHESAPEAKE    A 


This  canal  may  be  divided  in  three  sectioiiB — eastern,  niiddle,  and  western.  Tht 
eastern  section  extends  from  tlie  tide-water  in  the  Potoniac  to  the  mouth  of  Savage 
River,  in  the  northern  branch  of  the  Potomac.  Tbe  middle  section  extends  from  Uif 
mouth  of  Savage  Bivei  in  tbe  Potoiuac  to  that  of  Bear  Creek  in  the  Voagbiugbes;. 
The  western  section  from  tbe  mouth  of  Bear  Creek  to  the  Ohio  at  Pittsburgb, 


[As  this  section  bas  been  built,  all  matterB  relating  to  it  are  omitted.] 
MIDDLE  SECTION. 

This  section,  from  the  mouth  of  Savotte  River  in  the  north  branch  of  the  PotamK, 
extends  to  tbe  month  of  Bear  Creek,  in  the  Yongbiogheny,  on  tbe  west  side  of  llu 
Allegbanius.  It  includes  the  summit-level  of  the  canal,  and  from  the  complicated  topo- 
eraphy  of  the  ground,  tbe  height  which  must  be  overcome  in  a  short  space,  and  tbe 
diBicnlty  of  securing  a  sufficieut  supply  of  water  in  dry  seasons  at  such  an  elevation, 
presents  tbe  greatest  diSlculties  wbicb  occur  in  the  whole  project. 

The  Little  Back  Bone  RidRe  divides  the  waters,  which,  in  tl)^t  part  of  the  Allt- 
ghanies,  runs  east  and  west ;  it  runs  parallel  to  the  Great  Back  Bone,  throngh  wbicb 
Savage  River  forces  its  way,  and  the  canal  must  absolutely  pass  through  this  gap- 
Between  those  two  ridges  ruu  Crabtree  Creek,  from  southwest  t«  northeast,  and  £■•' 
age  River  from  northwest  to  southeast,  the  former  falling  into  Savage  River  fonr  >nd 
a  naif  milee  above  its  month  in  tbe  Potomac.  From  the  west  side  of  the  Little  Btcli 
Bone  falls  Deep  Creek  and  the  Little  Youghiogheny ;  the  latter  runs  from  east  t« 
west,  and,  after  forcing  its  way  successively  tbroURb  Uoup-pole  Ridge  and  Roman  Kosb 
Ridge,  joins  tbe  Great  Youghiogheny.  Deep  Creelc  runs  at  first  to  the  nortli,  croBsmE 
Hoop-pole  Ridge  and  Kegro  Mountain  ;  then,  intercepted  by  Marsh  Mountain,  it  tanu 
west  and  fells  into  tbe  Yongbiogheny.  The  gap  through  which  it  forces  its  way  acn»s 
the  Hoop-pole  Kidge  is  only  sixty-six  yards  wide,  and  is  called  the  Narrows. 

.The  heads  of  the  Little  and  Great  Yonghiogheuy,  to  some  miles  above  the  point 
where  they  join  in  a  single  stream,  run  throogb  marshy  meadows  known  by  the  naou 
of  glades.  The  valleys  of  Deep  Creek  and  its  tributaries  offer  the  same  features  sa 
low  down  as  ilarsli  Mountain,  from  whence  their  course  continaes  in  a  deep  and  du- 
row  ravine,  with  steep  and  rugged  banks.  The  bottom  of  these  gladea,  which  bst 
been  sounded  in  several  pliuies,  presents  the  following  layers:  tirst,  rich  loam ;  secoDd. 
sand,  colored  by  oxyduted  iron;  third,  vegetable  detritics;  fourth,  alluvial  clay;  fifib. 
a  horizontal  bank  of  sandstone,  4  or  5  feet  below  tbe  surface,  on  which  tbe  other 
Iftjers  all  lie. 


Tbe  Gr«ftt  Yougbiogfacoy,  afUr  r«ce1viii)t  the  Little  YouKliiogbeiiy  and  Deep  Creek, 
receives  Bear  Creek.  Theea«t  braucbof  tbislasCittreBin  riaee  on  tbe  n-eatHideof  Negro 
MoDDtBiD,  aud  runs  from  south  Co  nortb  till  it  forces  its  way  tbroui;ti  Keyser'B  KJdge; 
it  then  TOOK  suddenly  west,  and,  oiler  forcing  tbroiigll  Wiuding  Hidge,  falls  into  tbe 
Yougbiogbenj.  Its  west  branch  springs  from  the  west  side  of  Keyser's  Eidge,  and  joins 
tbe  other  at  the  gsji,  where  it  forces  its  way  through  Winding  Ridge. 

Bavage  River  runs  od  a  bed  of  sandstone ;  its  course  is  rapid,  and  broad  flats  extend 
along  bjth  its  banks.  Crabtrce  Creek  is  tbe  chief  tributary  stream  which  joins  it; 
it  moB  between  the  Great  and  Little  Backbone,  and  is  formed  by  tbe  Junction  of 
Crabby's  Arm  and  Wilson's  I'ork,  which  take  their  sources  in  that  part  of  the  Little 
Backbone  which  divides  their  ravines  from  tbe  valley  of  the  Little  Yoaghiogfaen;. 
Crabby's  Arm  runs  in  a  narrow  vale,  but  which  is,  however,  wide  enongh  to  receive  a 
canal ;  its  bottom  is  a  black,  alluvial  soil,  and  its  banks  present  a  gentle  slope.  Wil- 
son's Fork  is  more  rapid,  but  runs  in  a  wide  and  well-wooded  valley.  These  two 
streams  join  at  Swan's  Mill,  from  whence  they  impetuonsly  descend  on  a  bed  from  ten 
to  twenty  yards  wide.  They  are  interrupted  in  two  or  three  places  by  perpendicnlar 
falls,?  or  6  feet  high,  and  frequently  by  smaller  rapids,  which  fall  from  4  to  £>  feet.  From 
tbe  Great  Backbone,  Crabtree  Creek  receives  several  tributaries;  they  are  torrenta 
wbioh  fall  into  it  with  great  impetuosity.  On  both  sides  of  its  valleys  run  data  eight 
or  ten  yards  wide,  which  are  intersected  by  rugged  bluffii,  fh>in  100  to  200  feet  high, 
which  divide  them  into  isolated  portions,  the  bViiffs  on  one  side  of  the  stream  lying, 
ia  general,  opposiw  to  the  flats  on  the  other,  and  the  two  banks  preseutiug  an  alter- 
nate Bucceesion  uf  the  same  features. 

Snch  are  the  main  streams  which,  in  this  section,  descend  from  the  two  sides  of  the 
Alleghanies. 

To  condnct  the  canal  across  this  snmmit  ground  we  must,  Ist,  select  the  best  pas- 
sage for  it  through  the  Little  Backbone,  by  leading  it  either  from  the  valley  of  Savago 
Siver  to  that  of  Deep  Creek,  and  from  that  of  Crabtree  Creek  to  the  same,  or  from 
the  valley  of  Crabtree  Creek  to  that  of  the  Little  Y'ough  [ogheny ;  3d,  ascertain  which 
of  these  passages  presents  the  shortest  route  from  the  month  of  Savage  River  to  that 
of  Bear  Ct«ek;  3d,  ascertain,  as  the  moat  essential  element  of  the  whole  project, 
whether  a  supply  of  water  sufficient  for  all  the  purposes  of  tbe  canal  can  be  procured 
at  this  elevation. 

We  shall  point  out  tbe  several  passages  which  lead  through  the  Little  Backbone, 
beginning  by  those  which  lead  from  the  valley  of  Savage  River  to  that  of  Deep  Creek. 
But,  in  tbe  first  place,  it  is  necessary  to  state  that  a  base-mark  has  been  tixed  on  the 
bridge  of  Deep  Creek,  3  feet  above  its  bottom  ;  to  this  have  been  referred  all  tbe  levels 
tak«n  on  this  section  of  the  canal. 

Monroe  Knn,  a  tributary  of  Savage  River,  and  Meadow  Mountain  Run,  a  tributary 
of  Deep  Creek,  offer  the  only  ravines  through  which  Deep  Creek  and  Savage  River  can 
be  connected.  For  this  purpose  it  will  be  neoessary  to  run  a  tunnel  tbroug  h  the  Little 
Backbone.  Supposing  iubed  on  a  level  with  the  base-mark,  and  a  deep  out  of  35  feet 
at  each  extremity  of  it,  this  tunnel  would  extend  five  miles  833^  yards  in  length.  The 
greatest  devatiou  of  the  ridge  above  the  bed  of  the  tunnel  would  be  213  faet.  From 
Its  eastern  extremity  to  the  month  of  Monroe  Run,  in  Sovaga  River,  the  descent  is  9H3 
feet,  on  a  length  of  five  miles  t^lt>^  yards.  From  the  month  of  Monroe  Run  to  that  of 
Crabtree  Creek,  in  Savage  Biver,  the  descent  ia  lOD  feet  on  a  length  of  2  miles  216{ 
yards.  From  the  mouth  of  Crabtree  Creek  to  that  of  Savage  River  itself,  in  tbe  Poto- 
mac, the  descent  is  'MO  feet,  on  a  length  of  five  and  one-half  miUa.  The  level  of  the 
mouth  of  Savage  River  liee,  of  course,  1,432  feet  below  tbe  base-mark,  aod  at  a  dis- 
tance of  (wenty-one  miles  337  yards  Ironi  it,  axcendiug  tbe  ravines  of  Savage  River 
and  Monroe  Run,  and  descending  those  of  Meadow  Mouutain  Hun  and  Deep  Creek. 

Meadow  Mouutain  Run  flows  through  glades,  but  Monroe  Run  falls  down  a  ravine 
whose  upper  portion  is  very  steep  and  narrow  ;  it  widens,  however,  as  it  descends,  and 
presents  a  succeaaion  of  binflij  and  fiats,  wbioh  extend  t^i  twenty-tire  yards  io  bieadth. 
Tbe  blufl'a  hang  perpendicnlarly  over  the  stream.  At  tbe  month  of  Monroe  Run,  Sav- 
age River  ia  only  thirty-three  yards  wide,  and  a  dam  might  easily  be  thrown  aorqas  to 

This  paasage  is  the  only  one  which  leads  from  tbe  valley  of  Savage  River  to  that  of 
Deep  Creek. 

We  shall  now  examine  those  which  connect  the  valtr^y  of  Crabtree  Creek  and  Deep 
Creek.  Tbe  first  Ilea  between  the  middle  fork  of  Crabtree  Creek  and  the  Meadow 
Mountain  Rnn,  and  would  require  a  tunnel  running  under  the  Little  Backbone  and 
Hoop-pole  Bid ge.  Snpponing  its  bed  on  a  level  with  the  base- mark,  and  an  open  cutt« 
the  depth  of  3!i  feet  through  the  height,  the  tunnel  would  extend  ttaree  miles  1,3.13^ 
^-arda  in  length.  From  its  eastern  extremity  to  Crabtree  Creek,  in  following  the  wind- 
ings of  the  middle  fork,  the  descent  is  1,012  feut  on  a  distance  of  six  miles  I,:t33j  yards; 
and  from  tbe  mouth  of  the  middle  fork  to  the  inoath  of  Savage  River,  In  the  Potomac, 

•  u_  J ■.  :-  .lu.  *.^.  -.J  ^  distance  of  six  miles  685  yards.    The  height  of  the  ridge 

__. ,j  t.  .,,1,  r._.  ...J  .u -neof  middle  fork  differs   - 
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little  trotn  tbat  of  Monroe  Run.  Its  t^eneral  breadth  ia  about  37  yaidt,  &Dd  ila  1wiih« 
are  rngRed.  The  whole  distance  froiD  the  baae-mark  to  the  month  of  Savage  River 
vooM  be,  by  this  passage,  nineteen  miles  915  jaids. 

Three  passages  run  throuf;b  ttie  Little  Uaokboue  from  three  braochea  of  North  Glaile 
Run,  a  tributary  stream  of  Deep  Creek,  to  the  raltey  of  Crabtree  Creek. 

Tbe  tirst  opens  on  the  trestern  branch  of  the  middle  fork,  and  would  reqnire  a  tnn- 
ttel  through  the  Hoop-pole  Ridue.  Supposing  its  bed  on  a  level  nitb  the  base-mut, 
and  an  open  cut  to  the  depth  of  35  feet  thcouKli  the  height,  the  tunnel  would  exleud 
three  miles  V£>i  yards  iu  length,  and  the  greatest  height  of  the  ndgo  abo<~e  its  bed 
would  be  144  fnit.  ' 

From  the  secotid  branch  of  North  Glade  Run  a  passage  might  be  opened  to  the  east- 
ern branch  of  the  middle  fork  by  a  tunnel  of  the  same  nature  and  on  the  same  level  u< 
tbe  former.    It  wonld  extend  three  miles  and  li'i  yards  tu  length,  and  the  grealwt 
height  of  the  ridgtt  above  its  l>ed  would  be  184  feet.     But  from  its  eastern  extreinilj  ' 
there  would  be  a  descent  of  2r4)  feet  on  a  iliHtauce  uf  one  [uile  366  ynnla. 

From  the  third  bntDch  a  passage  might  be  opened  to  Kuuk  Camp  Run  by  a  tunnel 
four  milea  iu  length.  The  greatent  bnghtof  therid^e  above  itH  bed  would  be  iti'i  fbrt; 
but  from  its  easteni  extremity  to  Crabtree  Cret^k  tbe  deeceot  would  be  T'2d  fret  on  i 
distance  of  two  miles  I6<>it  yards,  and  through  a  very  narrow,  rugge<t,  and  prpcinitooa 
ravine.  Tbe  north  fork  of  Deep  C're«k  rises  Dear  the  euiuuit  of  rhe  Little  Backlioiia 
at  Whitiall's  Springs.  105  feet  above  the  base-mark.  The  spring  of  Savage  Lick  Bon, 
a  tributary  stream  of  Crabtroe  Creek,  rieee  opponite  to  it.  A  tuuuel  which  wonld  join 
them,  with  its  bud  on  a  level  with  ita  base-mark,  and  an  open  cnt  through  tbe  li«ij;ht 
at  each  of  its  eitreniities  to  the  deptU  of  35  feet,  would  extend  two  miles  l.t*^!  jwd» 
in  leaRth.  I'rom  itH  eii«t«rD  extremity  to  Crsbtree  Creek  the  deaceut  would  be  IJ,' 
teet  on  a  distance  of  two  miles  and  lOU  yanla,  and  tbe  greatest  height  of  tbe  rid^ 
above  its  bed  would  be  HS  feet. 

Three  more  pawutK^'B  have  been  surveyed  between  the  tributaries  of  the  north  fork 
and  those  of  Crabtree  Creek. 

The  lirst  uniteit  Hinch'e  Arm  to  Qtade  Hniul  Rnn  by  a  tunnel  otio  mile  1,16G  yanlsii 
length  on  a  level  with  the  biwe-inark.  Tbe  dist-nnce  fnim  its  enstero  extremitjln 
Crabtree  Creek  is  1,500  yardii,  aud  the  grentest  height  of  the  ridge  above  its  bed  '^ 

The  two  others  unite  Dry  Arm  aud  Dewickman's  .\rm  wih  small  nivitiea  of  Crabliy"* 
Arm,  a  tributary  slresm  of  t'rabtree  Creek,  wbicb  rise  opixisite  to  them.  Tbe  tuutMt 
which  would  be  required  at  Dry  Arm  would  estend  oue  mile  H\6  yards  in  length,  Mtd 
the  greatest  height  of  the  ridge  above  its  bed  would  be  ^1  feet.  The  tunnel  of  De- 
wiekiuau's  Ami  would  extend  one  mile  frfJi  yards  in  length  and  the  gteatest  height  of 
the  ridge  above  its  bed  n-oitld  be  t!2T  feet.  These  two  tuunels,  on  a  level  with  the  hue- 
mark,  are  the  shoitest  of  those  that  we  have  enumerated  on  any  of  the  designed  mMfs 
of  the  canal. 

Two  passages  have  been  surveyed  aud  leveled  to  open  a  commuuication  bettrtdi 
Crabtree  Creek  and  the  Little  Youghlogheny,  the  oiie  from  Crabby's  Arm  and  the  olhet 
trom  Wilson's  Fork  to  the  latter  stream.  Tbey  would  each  reoiiire  a  tunnel.  Suppl- 
ing Its  bed  on  a  level  with  tbe  base-mark,  the  tnnnel  from  Cratiby's  Arm  would  eil«Bd 
three  miles  l,56S  yards,  and  tbe  tunnel  from  Wilson's  Fork  four  miles  DOO  yardn  in 
length,  with  an  open  cut  at  each  nf  their  extremities  to  the  depth  of  35  feet.  Tte 
greateHt  beigbt  of  the  ridge  above  the  bed  of  the  tunnel  from  Crabby's  Arm  would  Ik 
444  feet,  aod  above  that  of  Wilson's  Fork  ii53  feeL  Tbe  distance  from  their  eastwi 
extremities  to  Swan's  Mill  would  be  two  miles,  with  a  fall  of  114  feet  from  Sirsn'i 
Mill  to  the  mouth  of  Crabtree  Creek  the  desoent  would  be  9i0  feet  on  a,  distaun 
of  seven  miles  960  yards  ;  from  the  month  of  Crabtree  Creek  to  that  ot  Savage  BivM, 
on  the  Potomac,  the  distance  Ave  miles  UHO  yards,  aud  the  descent  37U  feeL  Thua 
from  tbe  eastern  extremity  of  the  tunuel  to  the  mouth  of  Savage  River  the  total  de- 
soent is  1,43^  feet  on  a  distance  of  (ifleeu  miles  86  yards,  aad  of  these  two  tunnels  Ibt 
one  by  Crabby's  Arm  is  the  shortest. 

Other  passages  have  also  been  examined  to  open  communications  between  Dmp 
Creek  and  the  waters  of  the  Little  Vungliiogheny.  The  bed  of  the  tunnels  requital 
for  this  purpose  was  Hied  17  feet  above  the  level  of  the  l>aso-mark.  Ooe  of  these  tan- 
nels  Join  Weetlick  Run  to  one  of  the  branches  of  the  South  Fork  of  Deep  Creek.  Il^ 
length  was  two  miles  583f  yards,  and  it  required  adeepcuton  thetide  of  Weetlick  Ban 
of  the  leogtb  of  ooe  mile  6U0  yards,  and  another  on  the  side  of  South  Foric  of  the  lenitti 
of  two  miles  50  yards.  Another  tunnel  might  join  tbe  Little  Yongtiiogheny  Itself  to 
Sontll  Fork.  It  would  extend  one  mile  1,300  yards  in  lensth,  and  require  an  open  cut 
of  one  mile  1,54M}  yards  in  length  toward  the  Little  Yongbiogheny,  and  two  miles  XO 
yards  toward  the  South  Fork.  The  height  of  the  ridge  above  tbe  lirst  tunnel  votU 
be  143  feet,  aud  above  the  second,  1^3  feet. 

Such  are  the  chief  passages  through  which  a  communication  might  be  opened  tie- 
* ■>•-  ~ ■• -■•  -> — dfrom  the  eastern  nudweatetn  Bides  of  tbe  Little  Buk- 
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Id  recapttalatiug  tbe  several  roates  bj  vbicb  tbe  codaI  dia;  be  directed  thronsh 
them,  we  Till  ubswve  that  the;  all  extend  froDi  tbe  moutb  of  Savage  Biver,  either  by 
the  v&lley  of  that  Btrcam  or  Crabtree  Creob,  to  the  base-mark  on  the  bridge  of  Deep 
Creek,  and  that  the  descent  or  fall  of  the  canal  by  all  tbeeo  rootes  is  1,4^  feet, 

lat.  Tbe  first  ascends  b;  Savage  Kiver,  Monroe  Rao.  Meadovr  Mountain  Gun,  and 
Deep  Creek.  Its  total  length,  from  the  raonCb  of  Savage  River  to  the  base-mark,  is 
tn-eutj--oDe  miles  :^2.'>  yards.  The  length  of  the  timnel  which  it  requires  through  the 
ridge  ib  live  miles  >S13i  yards,  and  the  beight  of  tbe  ridge  above  it«  bed,  2111  feet. 

2d.  The  second  aeceads  by  Savage  Siver,  Crabtree  Creek,  Middle  Fork,  Meadow 
Uonntuin  Ran,  and  Deep  Creek.  lis  total  lei^etb  in  nineteeu  miles  915  yards.  The 
length  of  tbe  tnunel  which  it  requires  through  theridge  is  three miloH  l,'.KKii  yards,  aad 
the  height  of  the  ridge  above  its  bed  in  QIO  feet. 

3d.  Tbe  third  asceuda  by  Savage  River,  Crabtree  Creek,  Sliddle  Fork,  the  weetem 
branch  of  tbe  some  fork,  North  Glade  Riio,  and  Dfev  Creek,  Its  total  length  is  twenty 
miles  1.12H  yards;  the  length  of  tbe  tunnel  which  it  requires  tbrongh  tlie  ridge,  three 
mites  IS5  yards,  and  the  height  of  the  ridge  above  its  bed,  144  feet. 

4th.  Tbe  fourth  ascends  by  Savage  River,  Crabtree  Creek,  Middle  Fork,  tbe  eaBtem 
branch  of  the  sauie.  North  Glade  Run,  and  Deep  Creek.  Its  total  lengtli  is  twenty 
miles  1.306  yards  ;  the  length  of  tbe  tunnel  which  it  requires  through  the  ridge,  three 
miles  Kl  yards ;  the  height  of  the  ridge  above  its  bed,  164  feet. 

5tfa.  The  fifth  ascends  by  Savage  ^ver,  Crabtree  Creek,  Rooky  Camp  Ran,  North 
Glade  Ron,  and  Deep  Creek.  Its  total  length  is  nineteen  miles  6311  yonlH;  the  length 
of  tbe  tunnel  which  it  requires  through  the  ridge,  four  mUee,and  tbe  height  of  the 
ridge  aliove  its  bed,  222  feet. 

6ih.  The  sixth  ascends  by  Savage  River,  Crabtree  Creek,  Savage  Lick  Run,  North 
Fork,  and  Deep  Creek.  Its  total  length  is  twenty-one  miles  4:15  yards ;  the  lencth  of 
the  tunnel  which  it  requires  through  tbe  ridge,  two  miles  1,063  yards,  and  the  height 
of  the  ridge  above  its  bed,  146  feet. 

7  th.  Tiin  sevenlh  ascends  by  Savage  River.  Crabtree  Creek,  Hinch's  Arm,  Glade  Road 
Run,  North  Fork,  and  Deep  Creek.  lis  total  length  is  twenty-one  miles  1.156  yards; 
the  length  of  tbe  tunnel  which   it  requires  through  the  ridge,  one  mile  1,106  yards, 


and  tbe  lieight  uf  tbe  ridge  atrave  ilfl  bed,  205  feet. 

Htb.  The  eighth  asceD<^  by  Savage  River, Crabtree  i;roei[,aravineoi  i.,raoDy's  Aim, 
Dry  Arm,  North  Fork,  and  Deep  Cieek.    lis  total  length  is  twenty-one  miles  l,3fIS 


yanla;  the  length  of  the  tnnnd  which  it  requires  through  the  ridge,  one  mile  916 
yards)  and  the  height  of  tbe  ridge  above  its  bed,  271  feet. 

9tb.  't'he  ninth  ancends  by  Savage  River,  Crabtree  Creek,  a  ravine  of  Crabby's  Arm, 
Dewickman's  Arm,  Xortb  Fork,  and  Deep  Creek.  Its  total  length  is  twenty-one  miles 
Tld  yards;  tbe  length  of  the  tunnel  wbioh  it  requires  through  the  ridge,  one  mile 
(is3i  yards;  and  tbe  height  of  tbe  ridge  above  its  bed,  227  feet. 

From  the  base-mark  tbe  localities  of  tbe  ground  leave  us  a  ohoice  between  Uiree 
routes  to  the  mouth  of  Bear  Creek. 

Tbe  Qrst  runs  by  Deep  Creek,  Buffalo  Marsh  Bun,  Rocklink  Rnn,  a  tribatary  stream 
to  the  western  branch  of  Bear  Creek,  that  weslern  brauoh  to  its  month  in  Bear  Creek, 
and  Bear  Creek  itself  to  the  Yonghiogheny.  This  route  crosses,  by  a  tunnel,  the  ridxe 
which  divides  the  heads  of  the  western  and  eastern  branches  of  Bear  Creek.  This 
tunnel  beginning  at  McUenry's,  and  with  an  open  cnt  of  tbe  depth  of  35  feet  at  its 
■onlbem  extremity,  near  Mc  Henry's,  and  at  ils  northern  extremity,  wonld  extend  about 
two  miles  in  lenglb,  and  tbe  greatest  height  of  the  ridge  above  its  bed,  supposed  on  * 
level  with  the  base-mark,  would  be  about  170  feet.  The  whole  ground  alonK  this  route, 
except  where  it  passes  throngh  tbe  gap  of  Winding  Bidge,  Is  of  a  sou  and  good 
quality  ;  and  its  whole  length,  from  tbe  base-mark  to  the  moutb  of  Bear  Creek,  would 
be  only  twelve  miles. 

A  second  route  migbt  turn  round  the  west  of  Marsh  Mountain,  and  wind  abont  Pan- 
ther's Point.  It  would  then  turn  successively  round  the  heads  of  the  ravines  of  Hoy's 
Run,  Steep  Run,  Sang  Bun,  Gap  Hun,  and  descend  along  Friend  Hun,  a  tributary  of 
tbe  western  branch  of  Bear  Creek.  Tbis  route  is  very  circuitous,  and  in  winding  round 
Pautber's  Point  runs  through  a  rocky  and  difficult  ground.  It  could  only  be  shortened 
by  running  an  aqueduct  U-SO  feet  high,  and  adore  a  quarter  of  a  mile  long,  through  the 
western  branch  of  Uoy's  Run,  or  a  tunnel  half  a  mile  in  length  from  that  western 
braoch  to  the  head  uf  Steep  Run.  Tbe  height  of  the  ridge  above  the  bottom  of  that 
tnnoel  wonld  be  about  250  feet.  A  level  was  also  run  over  a  bend  of  ground  at  Hoy's 
PlD*  Bottom  to  endeavor  to  shorten  it  and  avoid  tbe  winding  round  of  Panther's  Point, 
but  to  run  the  canal  over  tliis  line  wonld  require  a  deep  cut  of  1,431  yards  in  length, 
and  of  tbe  depth  of  99.06  feet,  at  the  highest  point  of  the  ridge.  The  total  length  of 
this  routo  wonld  be  twenty-four  miles. 

Tbe  third  ronte,  descending  tlie  valley  of  Deep  Creek  from  the  hose-mark,  might 
follow  the  eastern  shore  of  the  Yoaghiogheuy  to  the  month  of  Bear  Creek,  crossing 
nnceetwively  oa  aqueduots  Hoy's  Knu,  Sleep  Run,  Sang  Kun,  Gap  Rnn,  Bear  Creek, 
and  tbe  smaller  tributary  streams  of  that  river.    Tbe  gronud  along  this  ronte 
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and  ditflciilt  for  ooe  mite  and  tbree-iiiiaTten  fTom  Deep  Creek  to  Hoy'a  Run  ;  tbcn  li^bt 
and  easy  for  four  mJteB  to  Qap  Ran  ;  then  rocky  for  the  apace  of  six  milen,  fblloTinf 
the  iveetem  bank  of  Wiuding  Ridge ;  then  for  two  and  a  quarter  milen  li);ht  aod  cut 
to  tbe  month  of  Bear  Creek.    The  total  length  of  thia  route  would  be  twenty  miles. 

We  have  not  mentioned  a  fourth  route,  which,  from  the  base-mark,  mnning  bj  t 
tunnel  through  Negro  Mouutaiu,  might  unite  Deep  Creek  with  the  eastern  braucli  of 
Bear  Cieek,  because  it  would  require  a  tunnel  of  eigbt  miles  in  length,  and  that  tbe 
height  of  the  ridge  above  its  bed  would  be  from  400  to  500  feet  in  the  most  eleraltd 
portion.    The  length  of  this  route  would  also  pasa  twenty  raUea. 

Such  BTe  all  tbe  routes  which  lead  from  the  valleys  of  Savage  River  and  Crabtrece 
Creek,  in  passing  by  that  of  Deep  Creek  to  th$  mouth  of  Bear  Creek,  in  the  Youifaiii- 

Sheny.  We  must  now  examine  those  which,  departing  from  the  head  of  CTabtm 
reek,  teach  the  same  point  in  passing  by  tbe  valleys  of  the  Little  and  Great  Yoagbiv- 
gheny. 

For  tbie  purpoee  the  canal  should  follow  the  valley  of  Savage  River  from  the  nontii 
of  that  atroam,  and  ascend  alonR  Crabtree  Creek  till  it  reaches  two  miles  above  Siring 
Hilt,  where  opens  the  eastern  extreajit;  of  tbe  tunnel  of  Crabby'a  Arm,  mentioned  on 
page  10  as  the  shortest  of  those  bj  which  Savage  River  can  be  connected  with  the 
Youghiogheny.  Passing  through  that  tunnel  it  would  descend  the  valleys  of  theLilUe 
and  Great  YoughiosheDy,  winding  along  their  eastern  sides.  When  it  reaches  tht 
month  of  Deep  Ctoeh,  it  may  follow  one  of  these  three  directions: 

1st.  Ascend  Deep  Creek  and  Bnffalo  Uarsh  Run,  following  tbe  first  of  the  thnt 
routes  which  we  have  Just  indicated  for  passing  fWim  the  base-mark  to  the  month  of 
Bear  Creek.  This  route,  as  we  have  seen,  presents  a  tunnel  two  mites  in  length.  Tlie 
total  distance  over  which  it  runs  is  as  follows : 

From  the  month  of  Savage  River  to  tbe  east  extremity  of  the  tunnel  of 

Crabby's  Arm 15       * 

From  thence  to  the  mouth  of  Deep  Creek 32       tX 

Prom  thence  to  tbe  month  of  Buffalo  Marsh  Run 6 

From  thence  to  the  month  of  Bear  Creek II      tV 

Total  diBtaucefromtbemoathofSavageRiverto  that  of  Bear  Creek..  54      9oi 
Thia  route  would   present  two   tunnels,  one  throe  miles  l^SW  yards  in  length  *t 

Crabby's  Arm,  and  the  other  two  miles  in  length  between  Buffalo  Marsh  Run  and 

Rocklick  Run  ;  total,  nearly  sis  miles  of  tunneliug, 
2d.  The  canal  might  cross  Deep  Creek  and  follow  the  second  route  indicateii  for  pia- 

ing  from  the  base-mark  to  Bear  Creek,  by  winding  round  Panther's  Point,  ana  tht 

heads  of  tbe  ravines  of  Hoy's  Run,  Steep  Run,  Sang  Run,  Gap  Run,  and  Frieuid  Ban  ta 

the  western  branch  of  Bear  Creek.     Its  total  lengtn  would  be : 

Mll«s.   Tb4l 

From  the  month  of  Savage  River  to  that  of  Deep  Creek,  as  above 37       5IJ 

From  thence  to  BearCteiik 17       660 

Totallength 54    I.IH 

Thia  route  preeenta  only  one  tnnnel,  of  the  length  of  three  milea  1,538  yardi,  « 
nearly  four  miles,  at  Crabby's  Arm.  It  may  also  be  shortened,  as  mentioned  above,  bf 
an  aqueduct  one- fourth  of  a  mile  in  teugth  andS50  feet  high,  or  a  tunnel  one-balfmilA 
in  length,  with  250  feet  of  height  of  ridge  above  ita  bed. 

3d.  The  oaual  might  fall  ou  this  third  route  indicated  above,  after  crosMug  Deep 
Creek,  by  keeping  along  tbe  eaatern  side  of  the  valley  of  the  Voiighiogheny,  and  cross- 
ing its  tributaries  on  aqueducts.     Its  total  length  would  be  as  follows: 

MIlM.    Yuti 

From  the  mouth  of  Savage  River  to  that  of  Deep  Creek,  as  above.- 37       FiU 

From  thence  to  Bear  Creek 13       6W 

Totallength 50    I.ITS 

This  route  would  require,  like  the  preceding  one,  ons  tunnel,  of  three  miles  l^i 
yards,  or  nearly  four  miles  in  length. 

From  tbe  comparison  of  these  three  routes  it  is  evident  that  the  second  is  preferable 
to  the  first.  Their  length  is  nearly  the  same,  but  the  first  re([uirea  aix  miles  of  tuooel- 
ing  and  two  tunnels,  while  the  aecond  requires  only  one  tuunet,  of  something  lesalJiio 
four  miles  in  length.  The  third  is  shorter  again,  by  four  ujilea,  than  the  second,  mi 
passes  by  the  same  tunnel.  Aqueducts  must  bo  constructed  on  this  route  to  cnv^ 
Hoy's  Run,  Steep  Run,  Sang  Run,  Gap  Run,  and  Bear  Creek,  but  by  the  successive  drop- 
ping ofits  levels  they  will  require  but  a  small  elevation,  and  the  waters  of  these  mu 
and  of  the  Great  Yonghiogheny  may  be  raise«l  and  used  to  feed  tbe  canal,  an  advii- 
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tage  wbicb  (be  otber  rontea  do  not  offer.  It  sboold  also  be  observed  tlial  these  todb 
art)  not  above  200  or  300  feet  wide  at  tbeir  montbs  in  the  Y<ia|{hioKheu;.  The  tbird 
roote  is  therefore  preferable  t«  tbe  two  otbera,  od  tbe  bypotlieaia  of  noitiiiK  the 
tnooths  of  Savage  liivei  and  Bear  Creek  throUKb  tbe  vallaya  of  the  Little  and  Ureat 
YonghiojcheD;. 

We  wiU  now  comparelbis  route,  nbirh  we  will  call  the  Yongbiogbenj  roate,  with 
those  which  lead  from  Crabtree  Creek  to  Deep  Creek. 

Siae  routes,  which  all  unite  at  tbe  base-mark,  have,  as  we  have  stated  before,  been 
eiamiaed  for  this  purpose.  Their  length  varies  only  from  nineteen  tu  twenty-two 
miles,  but  their  tanoels  present  a  much  greater  difference.  The  longeat  eitenda  five 
miles  SJSi  yards,  or  aboni  five  and  a  halfmiles ;  and  the  ahorteat,  one  mile  6^  yards, 
ot  abont  one  aod  one- third  miles  in  length.  Tbe  last  should  certainly  be  preferred.  Its 
whole  length  la  twenty-one  uiilea  Tld  yards;  and  the  greatest  height  of  the  ridge  above 
its  tunnel  ia  227  feet.     We  aball  call  it  Dewickman'a  Arm  route. 

We  have  also  oUaerred  that  there  are  three  routes  from  the  base-mark  to  tbe  raoDth 
of  Bear  Creek.  Tbe  Unit  runs  twelve  miles,  by  Buffalo  Marab  Kun.  and  Rock  Lick  RoB. 
It  ia  tbe  ahortest,  but  requires  two  milee  of  tnnneling.  Were  it  not  for  this  obstacle 
it  offers  a  favorable  grouud  for  digging  tbe  canal.  The  second,  winding  ronnd  Paa- 
ther's  Point  and  the  heads  of  Hoy  a  Run,  Steep  Run,  Sang  Han,  Gap  Ran,  Sco.,  is 
twenty-four  milea  long,  and  is  objectionable,  not  only  for  its  Teueth,  bnt  tram  the  diffl- 
cnlties  which  it  presents  in  turaing  Panther's  Point.  The  third,  by  the  valleys  of 
Deep  Creek  and  of  tbe  eastern  bank  of  tbe  Youghiogheny,  ia  twenty  miles  long.  It 
is  shorter  by  four  miiee  than  tbe  secoud,  and  requires  no  tunneliiig.  In  this  respect 
it  ia  auperior  to  the  fliat ;  for  two  milea  of  tnnnel  coats  more  than  eight  milea  of  canal, 
which  IS  tbe  difference  of  their  length.  The  poaaage  of  an  active  trade  will  also  meet 
with  more  delay  on  a  tnnnel  of  two  miles,  unless  ita  dimenaions  are  very  large,  than 
OD  fonr  or  aiz  milea  of  canal.  Thia  ronte  poaseasing,  beaidea,  over  the  two  others,  the 
advantage  of  feeding  the  canal  below  the  month  of  Deep  Creek,  by  raising  the  waters 
of  the  Great  Yonghiugbeny  and  ita  tribntaries,  ia  preferable  to  them  in  all  respects. 

If  we  add  tbe  twenty  miles  of  this  route  to  the  twenty-one  miles  718  yards  of 
Dewickman'a  Arm  route,  we  shall  have  for  the  whole  length  of  tbe  canal,  passing  along 
Cabtree  Creek,  Deep  Creek,  and  tbe  valley  of  the  Youghiogbeuy,  forty-otte  milee  719 
yards,  with  one  tunnel  one  and  a  third  milea  in  length,  and  the  height  of  the  ridgo 
above  it  227  feet  We  ahall  call  this  ronte  Deep  Creek  roate,  in  oppoeition  to  the 
Yonghiogbeny  ronte. 

Tu  decide  between  these  two  mutes,  which  alone  c«n  enter  ia  oompetition,  we  must 
compare  their  length,  and  the  time,  expense,  difflcnlties,  and  trouble  of  their  con- 
strnctlon,  viewed  in  a  general  manner. 

Tbe  length  of  the  Deep  Creek  ronte  is  forty-one  miles  718  yards ;  tlift  of  the 
YoDghiogheny  ronte  fifty  miles  1,172  yards.  Tbe  former  is,  therefore,  sboit&  by  nlue 
mites  than  the  otber. 

Tbe  tunnel  irom  Dewickman's  Arm  on  the  Deep  Creek  route  is  one  mile  6831  yards 
ia  length,  and  the  height  of  the  ridge  above  its  t>ed  is  2i!7  feet.  The  tunnel  between. 
Crabby's  Arm  and  the  Little  Youxhioghenv,  on  tbe  Yonghiogheny  route,  is  three  miles 
1,534  yards  in  length,  and  the  neight  of  the  ridge  above  its  bed  is  464  feet.  The 
fanoeT  rei)uir«s  two  miles  855)-  yanla  less  of  tunneling,  and  the  height  of  the  ridge 
above  tbe  b«il  of  its  tnnnel  is  2J7  feet  less.  With  respect  to  tbe  expense  of  tuiuiel- 
iog,  tbe  mute  by  Deep  Creek  ia,  therefore,  preferable  to  the  other. 

Aa  to  the  deep  cula  at  each  extremity  ot^  these  tunnels,  the  deep  cat  at  tbe  western ' 
extremity  of  tbe  tnnnel,  toward  the  Little  Youghiogbeuy,  is  two  miles  930  yards  in 
length.  The  deep  cut  at  its  eastern  extremity,  toward  Crabby'a  Arm,  is  900  yards.  Tbe 
whole  deep  cutting  on  the  Yonghiogheny  ronte  is  thus  three  milea  70  yards. 

Tbe  deep  cut  at  the  weetern  extremity  of  the  othsr  tunnel,  toward  Deep  Creek,  ex- 
tends five  miles  1,096  yards.  The  deep  cut  at  its  eastern  extremity, toward  Dewick- 
man'a Arm,  l)7S  yards.    Total,  five  miles  1,668  yards. 

Tbe  Yonghiogheny  route  will  therefore  require  two  miles  1.598  yards  less  of  deep  cut- 
ting than  the  otber  at  the  extremities  of  its  tunnels.  But  this  advantage  is  not  to  be 
weighed  with  the  expense  of  two  miles  6r>f>  yards  mure  of  tunneling. 

In  comparing  the  nature  of  the  soil  on  each  of  these  routes  and  the  obstacles  which 
it  may  present,  it  must  be  remembered  that  their  eastern  portinu,  fmm  Savage  River 
to  Crabby's  Arm,  and  their  western  portion,  from  the  mouth  of  Deep  Creek  to  that  of 
Bear  Creek,  are  the  same.  In  the  intermeaiat«  space  the  grennd  is  eiiually  favorable 
and  easy  to  work  on  both  routes. 

On  the  whole  comparison  of  their  respective  lenpths,  of  the  tims  necessary  to  paaa 
through  the  one  or  tbe  otber  of  the  obstacles  wbicb  they  meet,  nod  the  expense  and 
probable  trouble  of  their  construction,  we  believe  the  Deep  Creek  mute  preferable  to 
the  route  by  the  Yonghiogheny. 

Our  next  task  must  be  to  compare  the  snnpliesof  water  which  tbe  canal  mayreceiTe 
on  either  of  these  routea,  and  thin  will  leaa  us  to  a  itetailed  InveHtignCion  of  the  »• 
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Boorces  nliidi  are  offered  by  llie  nater-oouraes  of  tLe  couotrj  to  Teed  tbe  middle  lectteo 
and  Bumni it-level  of  the  proposed  cunal. 

Savafce  River  and  iM  tribatary,  Crabtree  Creek,  may  feed  tbe  FMtera  br&ncfa  of  tit 
middle  aection,  and  the  great  Yon|,'bingbeny  its  wi-Btern  braocb.  The  ■amtnit'lpTd 
must  draw  itsraaouriH-sfruai  Deep  Creek  aud  the  heads  of  the  Little  and  Great  Youghio- 
ghenj. 

Tbena  BtreaoiB  were  all  Ranged  id  1821  at  their  lowest  stage.  We  will  give,  in  i 
general  manDer,  the  resnlt  of  these  operatioDH,  the  miDiuiDiu,  in  cubic  feet  of  v>ttr, 
that  flows  through  each  atreaiu  in  a  second. 

BASTBIIII  BIUXCH  OF  THE  UIDDLK  SKCTroS. 

CDbicfl, 

Savage  River  gave  ou  the  2dth  September  below  the  mouth  of  Crabtree  Creek, 

in  aeecoud IT. 73 

Savage  Biver  gave  od  the28tb  Septemberat  its  mouth,  (It  bad,  however,  raiurd 

this  day) 46,09 

Savage  River  gave  oo  the  3d  September  below  Monroe  Ran 2^.6:1 

'  Monroe  Run  gave  on  tbe  SKth  September  at  its  mouth O.r^ 

MoDroe  Rnn  gave  on  the  t6tli  September  at  its  mouth 2.£ 

Crabtree  Creek  gave  oa  the  J4Ili  Septemberat  Swan's  mill 0.97 

Middle  Fork  gave  on  tbe  15tb  September  at  its  moDth  in  Crabtree  Cr«ek O.'t 

Rock  Camp  Raa  gave  on  tbe'Al  September  at  ils  mouth  in  Crabtree  Creek OAi 

Savage  Lick  River  gave  on  the  14th  September  at  its  mouth  in  Crabtree  Creek      O.ltl 

Crabby's  Arm  gave  on  the  ITth  August  at  iU  mouth  in  Crabtree  Creek 0.^ 

Wilson's  Fork  gave  on  the  17th  Auguxt  at  its  mnuth  ia  Crabtree  Creek 0.3j 

If  we  consider  that  the  water  consnmed  in  the  lockage  of  this  branch  ia  inip]di<d 
tnyn  the  Hummit-level,  thsM  streams,  tnrned  into  reservoirs  bv  dams  thrown  aenM 
the  tribntaries  of  Crabtree  Creek  and  Savage  River,  sbove  the  mouth  of  tliMt  creek, 
wilt  eerva  to  supply  its  losses  from  filtrations  and  evaporation.  Between  the  moatta  al 
Crabtree  Creek  and  the  Potomac,  on  a  distance  of  hve  and  one-half  miles,  S*va|te 
River,  which  gives  17,73  cnblo  feet  in  a  second  at  its  lowest  stage,  will  serve  forl^n 

Eurpose.  In  the  remaining  nine  and  one-half  miles  from  the  tunnel  to  tbe  innnth  of 
rabtree  Creek  the  Middle  Fork  gives  0.84  cnbic  foot;  Rock  Camp  Run,  O.lii  cnbiermt; 
Savage  Lick  Run,  0.33  cnbic  foot:  and  Crabtree  Creuli  il«iilf,  0.  97  cubic  foot,  at  Gwin'a 
mil],  at  their  lonest  stagi« ;  total,  2.26  cable  feet.  Reservoirs  may  besides  be  tontfi 
in  the  Middle  Fork,  Savage  Lick  Run,  and  Ruck  Camp  Run.  Filtrations  may  alwi  be 
prevented,  in  a  great  degree,  by  a  carefnl  construction  of  the  bed  of  tbe  canal ;  nd 
from  obse«vatioDs  taken  m  the  snnmer  of  ]dS4  the  toss  from  evaporation  did  not  n- 
ceed  tbe  quantity  received  by  snmmer  rains.  It  may  also  be  observe<l  that  any  defint 
will  prove  to  be  amply  enpplied  by  the  waters  of  the  summit-level. 

From  tbe  mouth  of  SavsgH  River  the  canal  may  be  supplied  from  the  North  Bnncb 
of  the  Potomac,  which,  oa  tbe  18th  September,  gave  106  cubic  feet  in  a  second;  audi 
great  reservoir  maybe  formed  in  it  above  the  month  of  Savage  River.  Fromthli 
point,  tbereibre,  it  needs  no  longer  the  waters  of  Savage  River  nor  of  its  tribnlsrin. 
And  if  we  except  the  waters  reiquired  for  its  lockage,  which  wilt  be  supplied  from  ibt 
snmmit-level,  tbiB  branch  of  the  middle  section  may  be  fed  ia  a  great  degree  by  tbt 
streams  which  fall  into  it. 

This  portion  of  the  canal  begins  in  Deep  Creek,  five  miles  lielow  the  base-mark,  mi 
ends  at  the  month  of  Uear  Creek.  Its  length  is  fiturteeu  and  three  fourths  of  a  Dili', 
and,  like  tbe  former  brand),  it  will  receive  from  the  summit-level  tbe  watoig  required 
for  ils  lockage. 

Hoy's  Rnn,  Steep  Run,  Sang  Run,  and  Gap  Run  may  be  employed  to  feed  it  and  re- 
pair ite  losses;  bat  these  streams  have  not  been  gauged.  They  may,  nevertbelc*. 
offer  some  resources  for  reservoirs.  Bear  Creek  may  also  furui  a  greiit  reservoir,  hy 
damming  its  valley  anil  feeding  the  westeru  section  of  the  caual,  but  cannot  feed  \iif 
western  branch  of  tbe  middle  section,  from  the  dlfterenceof  their  levels. 

Deep  Creek  is  the  only  stream  of  any  importance  whose  waters  may  supply  the  Iomm 
of  this  branch  from  filtrations  and  evaporatinu.  We  should,  therefore,  examine  ncM' 
mtely  the  means  wbicb  it  offem  for  this  purpose.  Its  usual  depth  auder  the  briili:< 
is  3  feet ;  but  in  its  freshets  it  rises  to  12  feet.  High  teshets  generally  occur  in  Uiii 
stream  twice  or  thrice  a  year,  and  last  from  three  to  four  days ;  when  the  rains  last  to 
long,  it  gives,  during  that  time,  from  400  to  500  cubic  feetasecoud.  During  the  mas' 
unfavorable  season  it  still  has  freshets,  less  considerable,  bat  wbiob,  nevertheless,  gi^'e 
it  a  mean  discharge  abont  100  cubic  feet  in  a  second  each  time ;  these  occur  from  tii 
to  eight  times  a  year.    lu  the  dryest  months  it  gives,  uuder  the  bridge,  from  10  Ic  9J 
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cubic  fuet  a  second; 
lowest  qnAntilf  w«  t 

SuppoHing  a  dam  erectfil  acrowi  Deep  Creek  at  tbe  Ueod  of  its  rapids,  aod  five  miiea 
lielow  tbe  base-mark,  U»  htmi*  would  be  Itfl  feet  below  (bat  nark ;  its  leagtli  woald 
be  i:)6f  ynrda,  and  {«)  raixe  it«  waters  4  feet  above  tbe  ba«e-mark  its  beigbt  should  be 
23i  fiiet.  This  dnm  would  raise  the  waters  of  Deep  Creek  so  as  to  overflow  an  area  oT 
948,924  siiuare  yards,  from  accurate  surveys.  The  prism  of  tbis  reservoir,  comprised 
between  its  surface  and  a  horizontal  plane,  run  3  feet  below  the  base-Diark,  wonid  b« 
7  feet  high,  and  contain  in  capacity  3,SI4,15fi  cnbic  yards.  In  less  than  three  months 
uf  tbe  raiuy  season,  tf  we  allow  only  9  cnbic  feet,  or  onft-third  of  a  cubic  yard  a  second 
to  tbe  average  supply  of  Deep  Creek,  this  reservoir  wonld  be  tilted.  It  would  be  filled 
in  less  than  five  months  in  summer  if  the  stream  yielded  at  the  rate  of  5  cobio  feet. 
Thus,  every  year,  and  fur  nine  months  of  navigation,  from  the  middle  of  March  t«  the 
middle  of  December,  we  may  depend  on  a  supply  equal  to  twice  tbe  capacity  of  this 
basin,  or  4,4-28,312  cubic  yards.  This  is  equivalent  to  4tRt,()34  cubic  yards  a  month,  and 
supposes  only  a  mean  supply  of  St  cubic  feet  a  second.  This  is  the  minimnm  of  what 
Deep  Cri>ek  can  supply  to  repair  tbe  losses  of  tbe  western  branch  of  tbe  middle  station 
from  filtrations  and  evaporation.  To  ascetCoiu  Its  suHlcieacy,  we  most  examine  next 
what  those  losses  may  amonnt  t«. 

The  length  of  this  section  is  fourteen  and  three-quarter  miles.  Bappoeing  it  5  feet 
deep,  2S  feet  broad  at  tbe  bottom,  and  44  feet  at  tbe  surface  of  the  water,  the  prism 
of  its  capacity  will  have  a  base  of  30  cubic  yards,  oa  a  len^tb  of  foarteea  and  three- 
quarter  miles,  equal  to  a  cube  of  019,200  cubic  yards.  This  will  be  filled  in  tbe  first  days 
of  March  without  deranging  the  economy  of  water  which  we  have  just  analyzed.  We 
have  already  observed  tnat  Deep  Creek  may  supply  every  month  a  cube  Dearly  corre- 
spoDding  to  tbis,  or  49-2,034  cubic  yards,  at  tbe  miuimnni  rate,  and  lowest  stage  of  its 
flon  ;  we  mnst  now  examine  whether  tbis  supply  will  sufilce  every  mouth  lotbe  filtr»- 
tiona  and  evaporation  of  fonrteeo  and  three-quarter  miles  of  canal. 

Without  entering  into  mionte  calcnlatious  which  properly  belong  to  the  report  ae- 
compaDjing  the  flnal  project  of  tbe  caoal,  we  will  slate  generally  the  most  poeitlv* 
re«nlts  which  experience  has  given  as  to  tbe  joint  amonnt  of  filliations  and  evapora- 
tiaa.  Having  aacertaiaed  that  no  eiperimeots  of  this  natnre  have  been  tried  on  the 
Erie  Canal,  where  tbe  supply  of  water  was  foond  evidently  mora  tban  snfflcient,  we 
i*er«  obliged  to  coomlt  the  results  of  those  canals  constructed  in  Europe,  under  « 
elimaUi  which,  in  the  summer,  comes  nearest  to  onrown.  We  have  selected  for  this 
parpoee  the  canal  of  Narbonoe,  in  the  south  of  France.  Narbonne  and  Baltimore, 
compared  as  to  climate  and  rain,  are  aa  follows : 

NarbODne,  latitude  north  43°  II',  (from  ohservationB  made  during  twenty  years.) 
Uean  greatest  heat,  95°  ;  mean  temperature,  60°  ;  mean  greatest  cold,  2A°  ;  mean  quan- 
tity of  ralD,  99JJ0  iuohes. 

Baltimore,  latitude  north  29°  17',  (from  observations  made  1817-18-22.  by  Mr.  Lewis 
Brauts,  of  Maryland.)  Mean  greatest  heat.  94". 56;  mean  temperature,  .Vi^.^il ;  mean 
greatest  cold,  0°. 12;  mean  quantity  of  rain,  ^itJ.tiU  inches. 

Of  all  such  works,  the  canal  of  Narbonne  has  given  most  trouble  to  its  engineers, 
from  its  excessive  filtrations  and  loss  of  water  in  the  gravelly  soil  through  which  it  is 
''  is  a  branch  from  the  canal  of  Languedoc  to  tbe  city  of  Narbonne,  three  miles 


in  length.  As  soon  as  it  was  opened,  in  ITi:^,  it  lost  tbe  valnr 
in  a  few  days  and  overflowed  the  surronnding  conntry  ;  in  17!^  it  still  lost  the  value 
of  its  prism  in  six  days  ;  and  in  IHOO  it  lost  it  in  eighteen  days,  or  the  value  of  its  prism 
and  two-thirds  every  month — sixteen  and  two-thirds  times  its  contents  in  ten  munths' 
navigatioD.  This  evaluation  is  the  result  of  careful  and  accurate  observations  ;  and, 
considering  the  climate  and  soil  throagh  which  thiscanal  runs,  it  may  fairly  be  taken 
as  a  specimen  of  the  maximum  loss  which  a  caual  can  suBer  through  filtrations  and 
evaporalion. 

The  groDud  throngh  which  runs  the  western  branch  of  our  middle  section  is  of  a 
qnality  far  sinierior  to  the  country  through  which  runs  the  Narbonne  Canal.  It  is,  for 
six  and  one-fourth  iuile«,of  an  excellent  quality;  the  remaining  eight  und  one-half 
mites  run  through  a  rugged  and  rocky  soil,  but  clay  is  everywhere  at  hand  to  puddle 
tbe  bed  of  the  canal.  If  necessary.  Supposing,  therefore,  that  its  losses  from  flitiaiions 
and  evaporation  equaled  in  one  month  tbe  cube  of  its  pnsm.  or  &m,'20U  cubic  yards, 
this  would  cerl«inly  be  tbeir  maximum,  while  the  evaluation  of  492,034  cubic  yards  of 
water,  which  we  have  given  as  tbe  supply  from  tbe  reservoir  of  Deep  Crock  in  noe 
month,  is  its  miuimum.  For  it  must  be  remembered  that  we  valued  this  supply  from 
the  lowest  result,  obtained  at  tbe  lowest  stuge  of  Deep  Creuk,  when  it  gave  only  five 
and  one-eightb  cubic  feet  in  a  second. 

We  have  allowed  no  loss  for  tbe  evaporation  from  tbe  snrface  of  the  reservoir,  as  it 
will  be  compensated  by  the  frequent  rains  which  fall  oo  the  sumniit  of  the  Alleghany. 
From  observations  made  in  July,  August,  Septemlwr,  and  October,  18*24,  in  the  valley  ot 
Deep  Creek,  we  have  ascertained  that  there  fell,  from  19tfa  to  30th  July,  four  days  of 
rsin,  4.36  inches,  SS'^  mean  temperature;  Irom  Ist  to  3l8tAtigDst,  eight  daya  of  rain,  2.31    > 


iachea,  63°  mean  teuiperatnre ;  ttvm  IhI  to  30th  September,  twelve  days  of  Tsin,  3.1a 
iiicheB,  bl'-  laesD  tenjperatore ;  from  let  to  SIst  October,  nioe  days  of  rain,  :I.19  iDchn, 
44°  mesa  temiwrature  ;  from  19th  JdI;  to  'Alat  October,  tbirty-tbree  days  of  run,  13.01 
inches.  Diiiing  one  huodred  and  four  daja,  of  wbicli  tblrty-three  nere  nia;,  then 
fell  13,01  iucliea  of  rain.  Tbe  evaporatioD  was  0.10  iucb  a  day,  aod  during  tlie  one 
hnodred  and  four  days,  10.10  iocbee-,  of  coarae  tbe  rain  more  than  aapplied  the  l«i 
of  evsporatioD. 

Tbe  temperatures  maTked  above  are  tbe  mean  t«m])eratares  of  tbe  raioy  days.  Tht 
biicbeBt  tempetatnrea  Id  (bat  vatley,  during  tbese  luoulbs,  were  at  midday ;  in  Julj, 
—      ^p  Aoj{UBt,74-  ;  iu  September,  70"  ;  in  October,  7a>^.    Tbe  lowest  n-         -  -  ■    -' 


morning ;  in  July,  !i3"  ;  iu  AnjcuBt,  44'^ ;  in  September,  3".^-  :  in  October,  35'^.  From 
these  observations  it  is  evident  that  less  evaporatioa  is  to  be  apprehended  in  tbe  val- 
ley of  J>e«p  Creek  than  in  reKious  nearer  to  tbe  level  of  the  ocean  ;  besides,  by  raisiai 


tbe  dam  wbicb  forms  iu  reservoir,  we  might  add  to  it  a  quantity  of  water  si 
supply  nil  tbe  loss  of  it-s  evaporation  and  filtration.  We  will  conclude  tbeae  renuuli 
on  tbe  reservoir  of  Deep  Creek  by  observing  that  its  surface  lies  below  the  moaths  of 
its  tribnlaries,  and  that  they  might,  therefore,  at  small  eipeuse,  be  tnroed  into  ree«r- 
voirs  to  preserve  tbe  waters  of  tbe  valley,  when  (tbe  great  resei'voir  of  Deep  Creek 
being  foil)  they  wo>ild  ottierivise  escape  over  the  dam.  For  this  pnrpose,  the  dams  a! 
these  small  streams  should  have  sluice-gates,  to  distribute  their  supplies  n'heueiH 
required. 

From  these  observations  it  is  evident  Ibat  the  eastern  and  western  brancbee  of  the 
middle  section  possess  sufficient  supplies  to  repair  tlieir  losses  from  filtTBtioos  Md 
evaporation.  The  first  is  fifteen,  and  the  second  fourteen  imd  tbree-fonrths  miks  is 
length  J  andbntb,  twenty-nine  aud  three-fourths  miles.  Jf  we  snbtract  this  length  fnm 
that  of  tbe  whole  Deep  Creek  route,  forty-one  miles  7  IS  yards,  there  will  remain  elevea 
miles  1,158  yards,  or  about  eleven  and  three-fourths  miW  If  we  subtract  it  from  tht 
length  of  the  Youghiogheiiy  route,  (fifty  miles  1,17*2  yards,)  there  will  remain  twentj 
miles  1,&B0  jards,  or  about  twenty -one  miles.  These  portions,  on  either  of  theae  ronto. 
may  be  designated  as  their  summit-levels.  On  the  YouehioKheny  route  thia  portion 
might,  perhaps,  be  dropped  below  the  reservoirs  of  the  YouKhiocheny  ;  but  its  leDpti 
and  ezpanse  of  water,  which  is  dot  present  object,  wonlil  remun  tbe  same  oneMV 
level.  We  should  now  examine,  first,  what  meuis  exist  to  feed  these  summit-lenh: 
second,  what  each  of  these  requires  to  supply  all  its  wants  and  losses;  third,  wbatirr 
the  respective  advantages  of  the  one  and  the  other,  and  which  is  the  most  advanlHgeou 
with  respect  to  that  question. 

The  Great  and  Little  Yooghiogheny;  and  their  upper  tribatariee  are  the  ouly  stnams 
of  any  iniporlauce  wbicb  can  feed  either  of  tbesn  summit -levels.  Their  levels  vitli 
respect  to  the  hase-nisrk,  and  at  different  points,  are  as  follows : 

Ftrt. 

Level  of  tbe  Oreat  VougbiogheDy,  at  ihe  mouth  of  Deep  Creek  below  tbe  base- 
mark T. 2MI.M 

Level  of  tbe  Great  Yougbiogbenj,  at  the  head  of  Swallow  Falls,  below  thebaae- 
mark 140.^1 

Level  of  tbe  Great  Yonghiogheny,  one  mile  above  the  uiouth  of  ludian  Kun, 
below  the  base-mark 70.M 

Level  of  tbe  Great  Youghiogheoy,  two  miles  above  the  mouth  of  Indian  Eun,     ^ 
tieloi^  the  base-mark -..., 61.01) 

Level  of  tbe  Great  Yonghiogheny,  at  the  mouth  of  the  Little  Y'oughiogbeuy, 
below  tbe  base-mark 5J.W 

Level  of  the  Great  Yonghiogheny,  at  the  mouth  of  Snow  Creek,  two  niilea 
above  tbe  bridge,  below  the  base-mark 36.© 

Level  of  the  Great  yougbiocbeny,  at  Charles  Glade's  Run,  below  the  base- 
mark a?.w 

Level  of  the  Great  Youghiogbeuy,  at  the  mouth  of  Cherry-tree  Creek,  below 

thebase-mark SaiB 

Level  of  tbe  Little  Yougbiogbeny,  where  it  in  crossed  by  tbe  State  road,  below 

the  base-mark 4J.n' 

These  levels  being  all  below  the  base-mark,  proved  that  whichever  snmmit-levrln 
adopt  we  mubt  elevate  the  waters  of  tbe  two  Youghiogheniee  by  throwing  great  diio 
across  them.  Tbe  height  of  these  dams  would  be  lower  and  a  less  quantity  of  lock>t!< 
re<(uired  if  we  dropped  tbe  summit-tevet  of  the  Yonghiogheny  route;  but  the  i«D|{'^ 
of  the  tunnel  from  Crabby's  Arm,  and  deep  cutting  at  each  of  its  extremities,  voM 
then  be  proportion  ably  augmented.  For  the  sake  of  comparison,  we  have,  therc/oKi 
supposed  those  two  routes  on  a  level.  A  passage  was  sought  to  open  a  communinliM 
between  Deep  Creek  and  the  Great  Yonghiogheny  through  the  opposite  valJf.t*"^ 


Iiidtaa  Bdd  SDd  Cranberry  Riid.  But  as  tbe  sonrcea  of  these  ninfi  rise  226  feet  above 
the  base-iDHrk,  and  tbe  Yoagbiogbca;  at  the  Indian  Run  lies  70.50  feet  below  it,  a  dam 
across  tbe  Yon;;binKhBiiy,  and  tuonet  thronRli  the  Roman  Nose  Ridge,  would  both  be 
indispeosablf  reqaired  to  accomplish  This  object. 

An  attempt  was  slso  made  to  lead  Muddy  Creek,  which  from  the  west  falls  in  the 
yonshiogbeny,  to  the  summit-level  of  these  routes.  But  to  lead  it  to  the  Bummit-tevel 
of  the  Deep  Creek  route  it  would  be  necessary  to  conduct  it  by  a  long  aqaednot  np- 
ward  of  140  fi^et  bisb,  and  to  lead  it  to  that  of  tbe  Yougbiogbeny,  to  run  a  feeder  up- 
ward of  tbirty  miles  before  it  reached  tbe  mouth  of  Indian  Run,  and  wbich  would 
absorb  by  ilHiations  and  evaporation,  during  its  course,  most  of  the  water  wbich  it 
would  receive.  Aqueducts  through  tbe  ravines  whtcb  it  should  wind  aronud  would 
shorten  it,  bnt  a  great  number  of  them  would  be  required,  and  theic  construction 
would  be  very  costly. 

To  ascertain  the  I'elative  levels  of  Pine  Swamp  (where  rise  the  springs  of  Muddy 
Creek  of  Yougbiogbeny,  and  Muddy  Creek  of  Cheat  River)  and  Deep  Creek,  » level 
was  run  to  the  summit  of  the  ridge  which  divides  the  waters  of  the  Yougbiogbeny  aad 
Cheat  River?;  this  ridge,  parallel  to  the  Roman  Nose  Ridge,  is  called  Snaggy  Mount- 
ain. From  this  level  it  appeared  that  the  point  from  which  rise  the  blgbest  springs 
of  the  two  Muddy  Creeks  is  75  feet  above  Pine  Swamp,  and  236.77  feet  aliove  the  buse- 

'  red  the  impossibility  of  running  the   oanal  in   this 

p  Creek,  proved  also  that  a  reservoir  of  three  or  fonr 
miles  area  might  be  formed  in  the  Pine  Swamp,  and  that  being  raised  at  least  150  feet 
above  the  base- mark,  a  feeder  might  be  led  from  it,  following  the  eastern  ridge  of 


Snaggy  Mountain,  and  joining  Snowy  Creek,  at^er  winding  around  the  beads  of  the 
tributaries  of  the  Yonghiogbeny,  from  Snowy  Creek  to  Muddy  Creek.  This  feeder 
'wonld  be  lioni  eight  to  twelve  miles  loug,  anil  to  form  the  reservoir  a.  dam  might  be 
thrown  through  Muddy  Crerk,  of  the  Yonghii'gheny,  at  the  gap  where  it  breaks 
(hrongh  Snaggy  Mountain.  Tliis  reservoir  wonld  atfonl  an  important  supply,  if  those 
of  the  Li  tile  and  Great  Yongliiogbeny  should  prove  InnnfBcient  to  feed  the  summit- 
levels.  We  shall  now  enumerate  and  measure  the  capacity  of  these  several  reservoirs, 
anil  give  all  the  necessnry  details  of  them. 

Reservoir  No.  1  might  be  formeil  in  the  main  branch  of  the  Great  Y'oughiogheny  by 
throwing  a  dam  across  it,  above  the  mouth  of  Cherrytree  Creek.  It  sboiild  be  40  fent 
high  to  raise  tbe  water  6  feet  above  tbe  summit-level  and  allow  to  the  fei'dur  a  deacenC 
of  t>  inches  iter  mile ;  height  of  its  dam,  40  feet,  and  length  of  its  fpedtr,  to  tbe  dam  in 
Deep  Creek,  si^cleen  mites.  Area  of  the  reservoir  expoKed  to  evaporation,  'i,.S'J4,-E!3 
S(|Dnre  yards;   its  prism,  or  capacity  of  yiMei  above  the  bnse-miti't^  5,523,370  cubic 

No.  2  might  be  formed  in  Cherry  Creek  by  throwing  a  dam  across  it  above  its  moutb. 
The  dam  should  be  40  feet  high,  and  tbe  length  of  its  feeder  Bi>:ttten  miles.  For  this 
and  all  Hie  following  reservoirs  we  shall  allow  tbe  same  data,  6  feet  water  above  tbe 
basomark  and€  inches  descent  per  mile  for  their  feeders.  Area,  1,752,000  sqnareyanlU; 
prinm,  3,170.148  cubic  yards. 

No.  3  might  be  formeil  on  Youghioghony,  1>etween  Cherry  and  Snowy  Creeks,  by 
tbruwing  a  dam  through  it  above  tbe  mouth  of  Snowy  Creek.  Height  of  the  dam,  50 
foi^t :  length  of  tbe  feeder,  fourteen  miles.  Area,  1,47^,444  square  yards ;  prism, 
a,796,518  cubic  yards. 
I.  4,  receiving  Laui 

IS  the  latter  above  i  ^  .  .        „ 

fuurteen  miles.    Area,  3,444,444  scjnare yards;  prism,  6,5116,666  cubic  yards. 

No.  5  might  be  formed  in  the  Great  Yonghiugbeny,  between  Snowy  Creek  and  the 
Little  Yougbiogbeny,  by  throwing  a  dam  across  it  above  the  month  of  the  Littio 
Yoiighiogheny.  Height  of  tbe  dam,  S7  feet ;  length  of  tbe  feeder,  ten  and  a  half  miles. 
Area,  2,8X1,3:12  sijoare  yards :  prism,  5,5-'iri,555  cubic  yards- 
No.  6  mi)(ht  be  foTDied  in  the  Little  Youjchiogbeuy  by  throwing  a  dam  across  its 
mouth.  Height  of  the  dam,  67  feet ;  length  of  the  feeder,  eleven  miles.  Area,  53,375 
square  yards ;  prism,  106,750  cubic  yards. 

No.  7  might  be  funned  in  Dunker's  Lick,  by  throwing  a  dam  across  it,  above  its 
month.  Height  of  tbe  dam,  75  feet ;  length  of  the  feeder,  nine  mites.  Area,  1,055,555 
Biiiiare  yards ;  prism,  1,651,851  cubic  yards. 

No.  S  might  be  formed  in  the  Great  Yougbiogbeny,  between  tbe  mouth  of  the  Little 
Yougbiogbeny  and  tbe  leilge,  by  throwing  a  dam  across  tbe  ledge.  Tbe  height  of  this 
dam,  94|  feet;  length  of  the  feeder,  six  and  a  half  miles.  Area,  ^,770.666  sc[Uare  yanls  ; 
prism,  ,5,303,'i.'t5  cubic  yanls.  Area  of  alt  the  reservoirs,  16,270,149  square  yards; 
priam  of  alt  the  reservoirs,  :iO,e44,413  cubic  yards. 

Jf  we  dispense  with  the  last  two  reservoirs,  whose  dams  are  tbe  highest  and  most 

expensive,  the  tlve  remaining  reservoirs  above  tlie  moutb  of  tlie  Little  Yoiigbiugheuy 

will  contain:  Area  exposed  to  evaporatiun,  lil,\^>'i,9iti  Hqiiare  yacds,  or  4ii^,7  sijuare 

miles,  or2,572.a0  acres.    Prism  of  tbeir  waters,  6  fuut  above  tbo  base-mark,  besides 
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These  reeervolrs  are  all  iudepeiident  of  one  uuotber,  aud  the  bigher  .   . 

iho  BurpliXB  of  tbuir  waters  ioto  the  lower  ones.  Tboae  Dumbered  'J  and  5  in  the  Gicat 
Youfchiogbeaf  tnay  bernicardiHlaBone,  to  trbicb  all  tbe  others  can  contribute  wben  tir- 
cnmstaLces  rtHjnire  it.  The  dam  No.  3  niiKhteven  be  auppretiaed,  which  would  redoM 
the  uniiibnr  of  dams  to  5,  bnC  the  proper  location  of  these  ilariia,  an  also  their  uumbei 
and  dimetiHioDB,  vill  receive  further  iuvestigatiun,  which  belong  to  the  filial  prujeci; 
their  Dumber  will  likely  be  reiluced. 

As  to  the  total  quantitj  of  water  whicli  tbene  basins  raight  hold,  if  we  suppose  tbeir 
mean  depth  16  yards,  and  a  niidille  boriisontul  section  run  between  the  surface  and 
bottom,  ec|tial  iu  area  to  one-half  of  the  upper  surface,  or  to  6.226,464  square  jirds. 
(half  of  12,4:>'.i,926  square  yards,)  it  will  amouut  to  iK),e£i,i2i  cubic  yards,  or,  in  round 
terms,  100,000,000  cubic  yards. 

As  to  the  time  necessary  to  Rll  them,  from  observations  taken  with  care,  from  1^1' 
to  li^,  inclusive,  by  Mr.  Lewis  Braniz,  in  the  vicinity  of  Baltimore,  Mil.,  we  have  the 
following  resntts:  In  the  course  of  eight  years,  from  1817  to  1824,  there  fell,  on  ameas 
average,  yearly,  39.89  iuchea  Iu  1822  there  fell  the  smallest  quantity.  The  sDmnicr 
was  ver^  dry,  vegetation  deficient ;  the  crops  of  grain  were  short.  The  quantity  nf 
rain  which  fell  that  year  was  211.20  inches.  The  greatest  quantity  which  fell  was  in 
1817.  It  amounted  to  48,55  inches.  Applying  these  data  to  the  country  round  the 
snmmit-level,  and  using  only  the  results  of  the  year  ld2i,  the  rain  which  fell  in  tbc 
first  three  and  last  three  mouths  of  this  year  amounted  to  16.70  inches,  while  that 
which  fell  in  the  same  months  of  the  year  1817  amounted  to  18.40  inches.  These 
16.70  inches  are  equivalent  to  0.455  cnbio  yards.  Thus,  during  the  first  three  and 
last  months  of  each  year,  there  will  fall  at  least  0.46  cubic  yanls  of  rain  on  each  squin 
yard  of  the  heads  of  the  Youghioghenv,  and  an  area  of  217.391,304  square  v*rdij 
would  be  required  to  collect  water  for  tilting  the  100.000,000  cnbio  yards  of  th<^ 
reservoirs.  This  area  amounts  to  70.18 square  miles;  and  the  area  of  the  valleysof  the 
two  Youghtoglienies,  above  their  junction,  and  the  surface  of  the  reservoirs  am  on  u  If)  la 
much  more.  Ik'sides,  the  heads  of  Clicat  River  conld,  iierha[>s,  be  bronght  to  feed  the 
reservoirs.  These  reservoirs  once  filled,  the  mass  of  waters  which  lies  Tower  than  the 
head  of  theieeders  will  never  alter,  and  the  ujiiH>.r  part,  which  feeds  the  summit'levrl, 
will  alone  rcqnire  to  bo  renewed  every  year.  Wu  have  seen  that  it  contains  2:l,6^>,V"r 
cubic  yanls. 

The  least  quantity  of  water  which  theGreal  Youghiogheny  gave  in  l^l,under1he 
bridge  ou  the  niad  from  Maiisfit'ld  to  Morgantown,  was  on  the  21st  iif  Septeinlwr— til"'^ 
feet  in  a  second.  The  little  YoiiuliioiTheiiy  gave,  on  the  123d  of  Septenilier,  l.^J4.at 
Gerioan  brldfic,  4.30  feet.  Total  given  ny  those  two  streams  in  a  second,  at  their  ionest 
stace,  20.88  feet. 

This  is  tlio  luininium  which  they  can  give  to  supply  the  reservoirs.  In  one  month 
it  would  nniount  to  ^.ri)W,480  cnbio  yards,  and  snpp'Wing,  what  is  must  uulikely.  Ihit 
the  two  Youghiogheiiies  aud  their  tributaries  should  reiiiaiu  in  this  stale,  aud  give  do 
more  fur  six  moni  lis,  from  May  to  October,  it  would  supply  the  reservoirs  witli  l.'i,4i^d.-'~<l 
cubic  yarda ;  and  as  during  the  six  preceding  months  they  would  have  received  ninch 
more,  they  would  he  full  at  the  opening  of  navigation,  and  receive  every  mouth  at 
leant  2,!ir^,480  cubic  yards  as  regular  tribute. 

We  (to  not  consider  in  this  culcntalion  the  loss  by  nitration  and  evaporation,  fur  he 
raising  the  dams  of  the  reservoirs,  a  quantity  of  wattr  would  be  added  to  ttiem,  which 
would  overbalance  it. 

We  mast  now  conipare  those  supplies,  the  minimum  of  what  the  heada  of  the  t«o 
Yougliioghenies  can  Inruish,  with  tlie  maximum  of  what  either  of  the  two  summit-levels 
will  rcqnire. 

They  will  both  require  the  same  expense  of  water  for  lockage.  We  kuow  tliat  !•» 
lockfnls  is  the  luoxiniiim  exj^use  for  misiug  or  lowering  a  hoar,  and  eijjht  minutes  an; 
required  for  its  pasauge  thmugh  a  lock  of  'M  yards  in  k-iigtli,  Ti^  yards  in  breadtb.aod 
2|  yards  in  lift.  Snen  a  lock  will  contain  486.66  cubic  yards,  without  deducting  from 
it  the  draught  of  water  of  the  boat,  and  its  paaaage  (at  the  maximum)  will  thus  con- 
snme  B53.:!2  cubic  yards,  or  8[A  cubic  yards  at  most.  Now,  if  the  canal  is  navigated 
nine  months,  or  two  bundreil  and  seventj-  days  a  year,  at  ten  hours  a  day,  and  that  the 
locks  of  the  snmmit-Ievcl  be  kept  in  constant  operation  ail  that  time,  they  Diigbt  pass, 
allowing  eight  minutes  for  each  boat,  20,250  boats,  at  an  expense  of  water  equal  to 
17,1293,500  cubic  yards  for  the  nine  months,  or  1,921,500  cubic  yards  a  month.  Tbit 
maximum  of  water  for  the  expense  of  lockage  iB65ti,!t80  cubic  yards  leas  than  the  miDi' 
rouin  which  the  reservoira  will  receive  during  that  time. 

The  expenae  of  water  for  lockage  being  17,293,500  cubic  yards,  and  the  reservoirs  eoa- 
taining  23,689,007  cubic  yards,  there  will  remain  in  rcnei've  to  supply  the  losses  of  the 
Buinmit-levet  from  filrratioua  and  evaporation,  6,395,507  cubic  yards. 

The  summit-lfvel  nf  Deep  Creek,  ex t-t'iiding  eleven  and  three-quarter  mites  in  leof^th. 
will  require  413,000  cubic  yards  to  Ull  it ;  aud  supposing  that  it  loses  by  filtrationi 
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sad  evuporatinu  tbe  value  of  iU  prism  every  maatb.  or  uine  tiiueB  iu  the  year,  it  will 
expend  3,7£^,400  cubic  yards.  The  proSle  of  iu  fcuder  hnvinj^  a  supposed  urea  of  10 
Wl'iare  yards,  and  a  leujcth  of  too  and  ouu-balf  miles,  it  will  cousume,  at  th«  same  rate, 
1.663.300  cnbic  yards.  Total  cousnmption  for  nine  moutlts,  l),:)S5,60D  cubiu  yards.  Be- 
trenchiog  this  quantity  from  tlie  surplus  mass  of  the  resarvoira,  there  will  still  ratnaia 
1.009,907  cubic  yards,  which,  after  stipplyiug  all  the  waste  of  lockage  aud  the  losses 
of  tlie  snmmit-lavel  from  liUrations  and  evaporation,  will  serve  as  au  additional  supply 
to  repair  those  of  the  eastern  aud  western  branches  of  the  mid<lle  suction. 

The  You);hiDgheay  sumuiit'lcvel,  extending  twenty-one  mites  in  leugth,  will  lose, 
from  filtrationa  and  evaporation,  ou  the  same  principle,  739,300  cul>ic  yards  a  month, 
((be  value  of  its  prism,)  and  6,653,600  cubic  yards  in  nine  mouths.  It  would  thua 
sijsorb  the  whole  surplus  mass  of  tbo  reservoirs,  after  the  waste  of  locka^,  and  require 
a  much  sreater  expenditure  of  water  than  the  Deep  Creek  summit-luveL 

Thns  the  important  advantages  of  a  greater  supply  of  water,  of  a  leugtb  shorter  by 
nine  miles,  of  a  tunnal  short-er  by  two  and  a  half  mtlea,  rsndar  the  Ueep  Creek  route 
superior  to  the  other ;  though  the  final  surveys  only  can  settle  that  point,  yet  at  this 
stage  of  our  operations  we  would  recommend  that  route  in  preference.  However,  the 
analysis  which  we  have  just  coucludeil  is  a  convincing  proof  that  a  canal  by  either  of 
those  routes  over  the  chain  of  the  Alleghanies,  between  the  mouths  of  Savage  River 
and  Bear  Creek,  is  perfectly  practicable.  The  total  distance  from  the  month  of  Savage 
River  to  that  of  Bear  Creek  will  be  forty-one  miles  at  least ;  the  rise  from  the  mouth 
of  Savage  River  to  tbe  base-mark,  1,433  feet;  and  the  full  from  the  base-mark  to  the 
mouth  <u  Bear  Creok,  956.35  feet ;  total  of  lockage,  3,itiSd.35  f^^t. 

Tbe  preparatory  surveys  exBcnted  ou  this  middle  section  were  performed  by  Captaia 
McXeill,  of  the  Uui ted  States  Topographical  Engineers,  and  Mr.  Sliriver,  a^istant  civil 
engineer,  employed  by  tbe  United  Slates.  The  talents  aud  activity  displayed  Uy  these 
gentlemen  and  their  assistants  enabled  the  board  to  collect  the  facts  on  which  they 
rest  their  opinion  of  tbe  practicability  of  this  middle  section,  and  of  tbe  best  direction 
through  which  its  route  can  be  directed. 

Captain  McNeill  was  assisted  in  these  labors  hy  Messrs.  De  Riissy,  Cook,  Trimble, 
Tlnzi^,  Dillahunty.  Fesseuden,  and  Williams,  lieutenants  of  artillerv,  whose  sciuntilio 
edncation,  imliibed  iu  the  Academy  at  WestPoint,  was  thus  made  valuable  in  the  most 
elliciant  and  useful  manner  to  their  country  and  to  themselves.  Mr.  Shriver  was 
assisted  by  Messrs.  Jonathan  Kuight,  John  S.  Williams,  Fri-eman  Lenis,  and  Joseph 
tilirivvr.    The  uiHinoirs, surveys, aud  maps  of  these  gKiitlenieu  accompany  tliis  rc|>ort. 

Ilefure  we  conclude  the  article  relating  to  this  middle  section,  we  ehonld  give  an 
annlvsis  of  two  other  routes  which  have  been  proposed  for  leading  tbe  cjinal  over  tlie 
Allughaiiy;  the  one  by  ascending  Will's  Cntik.  (a  stream  which  fulls  in  the  P»ti>miieut 
Cum  burl  and,)  and  descending  to  the  Vonghingbuny  by  tlie  valley  of  Cassrli  nan's  River; 
tlic  otlicr  by  passing  from  tlie  valley  of  the  I'otouiau  to  that  of  Chest  River,  aud  thua 
(Iwc-emling'to  the  Monongahela. 

First.  Twoof  the  head  springs  of  Will's  Crei'k  rise  very  near  Plaugberty  Creek,  wllieh 
falls  in  CaiWilinan'a  River,  below  Siilisbnry;  the  eastern  is  called  Laurel  Run  und  the 
other  Shock's  Run.  The  shortest  distance  hetweitn  Laurel  Run  and  Flanghurty  Creek 
h  one  uiiie  756  yards.  It  was  measured  from  Wilbelm's  saw-mill,  on  Laurel  Run,  to 
Kngle'H  saw-mill,  on  Hangberty  Creek.  The  Hrst  is  ISti  feet  lower  than  the  second.  A 
li'-ep  cut  of  :):t:l  yards  long  anir<1.~i  feet  deup,  iu  tlie  highest  part  of  it,  on  tlie  side  of 
Lugle's  saw-mill,  a  tunnel  of  l,4a3  yards,  and  another  deep  cut  700  yards  long  and  of 
the  same  depth  us  the  former,  on  tbe  side  of  Laurel  Run,  would  be  required  to  unite 
tbosii  two  streams.  Tlie  greatest  height  of  tlie  ridge  above  tbe  bed  of  the  taoael 
would  be  156  feet.  This  route  offers  groat  aitvantagiw  if  wo  only  cousider«d  tlie  short- 
ness of  the  distance  and  tunnel;  but  as  to  the  essiuitial  condition  of  a  sufficient  supply 
of  water,  it  is  absolutely  out  of  tbe  question.  Flaugberty's  Creek,  at  Kngla's  mill,  gives 
only  0.415  cubic  foot  iti  a  second,  and  Laurel  Run,  at  Wilbelm's  milt,  O.UOO  cnbic  foot, 
(at  their  lowest  stage  in  l&iA.)  They  would  only  give,  together,  1.015  cul>ic  feet  per 
NticoDd  to  feed  tbe  whole  summit-level.  The  details,  which  we  have  alreadj'  given  ia 
analyzing  the  Deep  Creek  route  and  summit-level,  are  sntHcient  to  show  the  impracti- 
cability of  running  a  canal  by  the  route  of  Flaugherty's  Creek  with  so  small  a  supply 


T'tieir profile  will  be  surveyed  next  season.  This  route  would  be  longer  than  the 
other,  and  its  snmmit-level  should  be  fed  by  the  waters  of  Csstleuian's  River  above 
Salisliury,  led  by  a  feeder  to  the  western  extremity  of  the  tunnel.  Thia  feeder,  fullow- 
iitg  tbe  eastern  side  of  Castleman's  Valley,  woulil  receive  the  waters  of  its  tributaries 
betvreen  Salisbury  and  Flanghertv's  Creek.  At  their  loweelstHge  these  tributaries  gave, 
Itogelhor,  5  fe  t  in  a  second,  au^  Castleman's  River,  above  Salisbury,  15,3^1  cubic  feet; 
total,  30.3:1  cubic  feet  to  feed  the  summitlevpl.  This  iiuautity  is  not  considerable 
whuii  we  consider  that,  on  a  length  of  thirty  mites  from  the  summit-level  to  Cumber-C 
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lanii,  tbacaoal  noulil  bave  to  draw  most  of  its  n'aUr  from  CaBtleinaii'aRiver,far  Willi 
Crnek  iB  a  torreot,  wbicb,  id  the  greatest  part  of  its  course,  gives  but  litUe  watei  in 
eummer.  The  length  of  this  eiimmit-levol,  and  of  the  route  which  the  caual  wonlil 
thnB  trace,  ace  less  than  by  Deep  Creek.  As  to  their  comparative  heights,  no  snrs'ey 
was  made  in  the  season  of  1*24  to  ascertain  the  difference.  We  shull  now  eipoae  the 
reasons  wby  tbs  weeterti  brunch  of  thu  canaJ  was  not  led  through  the  valley  of  tbe 
MonoQgabela,  {before  concluding  this  part  of  our  report.) 

We  have  already  seen  that  the  valley  of  Cheat  Hirer,  through  which  it  would  be 
necessary  to  iiass  to  the  Monougahela,  is  divided  from  the  Upper  Yonghiogbeny  by  a 
ridge  wbcise  greatest  depression,  at  the  head  of  the  two  Muddy  Creeks,  is  2*26.77  feel 
Above  the  level  of  the  base-mark.  A  tnunel  would,  therefore,  be  neceasarj  to  piu 
tiovi  the  valley  of  the  yonghiugheny  t^  that  of  Cheat  Kivei'. 

A  single  inspection  of  the  map  will  show  that  the  route  of  the  canal  would  be  cerr 
macb  lengthened  by  niDDing  ilH  sLimmit-leve)  from  the  beads  of  tbe  North  Branch  sf 
the  Potomac  to  those  of  Ciieat  River,  and  that  it  should  be  raised  to  a  much  highfc 
level  than  on  tbe  route  of  Deep  Creek.  There  is  every  reason  to  believe  that  tbe  bed 
of  Cheat  River  has  a  more  rapid  descent  than  that  of  the  Yougbioghenj  ;  and  thai 
where  it  forces  through  the  I-aurel  Hill,  it  is  already  nearly  on  a  level  with  the 
Yongbiogbeuy  at  Conuellsville,  for  at  this  gap  and  a  little  ul>ove  Furnace  Kun  it  begins 
to  be  navigable.  Its  bed  is  hero  about  150  yards  wide.  The  highest  tloods  in  Cheat 
River  do  not  rise  al>")V6  ei^ht  or  ten  feet  at  Furuace  Kun,  and  at  its  lowest  stage  in 
Angnet  and  September  it.  is  very  low  at  this  place,  and  often  fordablo.  Indeed,  Cheat 
River  to  its  Junction  with  the  Moiionf!abela  receives  no  stream  of  any  inijiortauce  bat 

...,._   _i ,_  ..    ...  .....^  jjyj.  ju  y^^  suininer  is  very  trilling, even 

its  course.  After  descending  aliiuj;  a  rocfci 
...  ,.         « clear  and  limped  waters  with  the 

tnnddy  sttcani  of  the  Monongahela,  whose  bed  and  sboies  are  all  formed  of  alluvial 

The  Monongahela  has  absolutely  the  eanie  features  as  the  Ohio ;  its  shores  are  But. 
but  raised  perpendiciilarl.v  along  both  sides  of  the  river  to  the  height  of  15  or  •£•  firi 
above  the  line  uf  water,  formed  of  a  rich  alluvial  soil.  They  are  covered  by  tbe  cur 
rent,  and  when  tbe  river  rines  they  cminhle  into  it  and  render  its  waters  mndiiy. 
The  floods  of  the  Monongahela  are  considerable.  At  Brownsville  it  rises  39  feet,  while 
at  its  lowest  stage  its  depth  is  only  from  12  to  15  inches  on  its  highest  bars.  The  l«a 
banks  present  all  along  a  succession  of  flats  and  bluHs.  The  flats  of  one  bauk  an 
generally  opposite  to  tlie  blntfs  of  the  other,  and  the  furnier  are  found  where  theririr 
espandn.  nbile  the  latter  close  on  its  banks  where  it  narrows.  The  chief  tributarit^ 
of  the  tlunoDgabelu  are  on  its  right  shore:  George's  Creek,  belon  Ur.  Gallatin's  mi- 
denee;  Big  Reilstone,  below  Urowusville  j  and  on  tbe  left,  Ten-Mile  Creek.  These  streani^ 
flow  constantly,  but  in  summer  give  but  a  sniall  quantity  of  water;  an  obsenaiioii 
irbich  is  also  applicable  to  many  of  tbe  tributaries  of  the  Youehiogheiiy. 

If  the  western  siiction  of  the  Chesapeake  and  Ohio  Can^  cannot  be  led  to  the 
Monongahela,  It  will  at  least  embrauch  with  it  at  McKeeaport,  and  perhaps,  when  i 
denser  population  will  render  it  desirable,  a  line  of  junction  may  be  draifii  balwetn 
Cheat  River  and  the  Valley  of  Voughiogheny.  It  would  be  fed  by  a  reservoir  above 
tbe  gap  of  Cheat  River  and  tbe  constant  springs  which  run  from  the  western  ridge  oi 
Laurel  Hill. 

WKSTEns  SEcnox. 

This  section  begiog  at  the  mouth  of  Kear  Creek  and  ends  at  Pittsburgh,  descending 
the  valleys  of  the  Vouubiogheny  and  Mooongahela  to  tlie  Ohio. 

From  the  mouth  of  Beiir  Creek  to  that  of  Castleman's  River  the  Youghtogbeny  nmv 
in  a  very  winding  course  between  a  succession  of  flats  and  blufia,  the  flats  of  one  sbotv 
being  ^nerally  opposed  to  the  bluffii  of  the  other ;  the  banks  high  and  rugged  wberv 
they  wind  in,  and  flat  where  thi'y  wind  out.  The  two  banks  present  nearly  tbe  saoie 
difficulties.  Tbe  right  sliore,  however,  seems  tbe  beat.  The  distance  between  Ihwe 
points,  following  tbe  winding  of  tbe  river,  is  about  sixteen  and  a  half  miles. 

Castleman'a  River  is  about  ono  hundreil  yards  wide  at  its  mouth.  It  is  a  Sw  rivei, 
and  will  give  a  great  deal  of  water  to  the  canal.  At  the  driest  season  it  offers  ftoni  ~ 
inches  to  I  foot  in  depth.  Before  joining  the  Voughiogheuy  It  receives  Laurel  Hill 
Creek. 

From  the  month  of  Cnstlomaii's  River  till  you  reach  two  or  throe  miles  aI>ove  Cun- 
nellsvilEe,  the  Yuugliiogheny  forces  through  Briery  Mountain  and  Laurel  Hilt,  and  it' 
bed  is  very  deep.  The  left  bank  is  very  bigb  and  rnggeil,  the  right  somewhat  less.  In 
Ibis  space  of  nlxint  twenty-eight  and  a  half-miles  tbe  canal  must  l>e  freqnently  cdi  in 
a  shelf  on  the  sides  of  the  valley,  or  run  on  embankments  Bn|>ported  by  a  wall.  Tbe 
tiver  has  a  fall  of  about  IG  feet  at  Ohiopyle  Falls ;  it  is  here  about  150  yards  wide. 

Conuellsville  Is  considered  as  the  bead  of  navigation  in  the  Yonghiogheny.  In  tbr 
driest  season  it  has  here  from  b  inches  to  1  foot  in  depth. 

l!>om  Conuellsville  to  liubstown  the  river  winds  during  twenty- foar  or  tw<m(y-fivt 
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miles.  Oa  bll  tfais  estotit  the  rigbt  bank  ia  far  ptefetable  to  the  other.  Except  in 
three  or  four  placea,  where  jod  lueet  with  Miifta,  it  coiisista  of  flats  or  gentle  slopes, 
vbete  tUe  canal  can  be  ran  withont  diCBcalt;.  Ab  to  these  btuE^  they  consist  of 
Rchistoee  rock,  easy  to  work.  The  only  stream  of  any  importance  which  joins  the 
Vongbiogheny  betneen  Connellsville  and  Robstown  is  Jacob's  Creek,  aud  it  gives 
hnt  little  water  in  dry  seasons.  That  ronte  is  also  intercepted  by  two  oi  three  deep 
ravines,  wbicb  the  canal  mnst  cross  an  aqiiedncts. 

Tbe  distance  between  Robstown  and  McKeesport  is  abont  sixteen  miles.  Along  this 
ronte  the  right  shore  remains  preferable  to  the  other;  it  consists  of  a  succes-Mou  of  flats 
and  spars,  which,  being  of  a  schistose  nature  aud  moderate  height,  will  offer  no  con- 
biderable  obstructions  to  tbe  canal. 

FrDm  McKeesport  to  Pittaburfjh  the  right  shore  of  the  Monougahela  offers  a  most 
favorable  ground,  except  along  the  two  spaces  of  about  a  mile  each,  whore  ruffged  blnffs 
closeon  the  river.  The  first  is  below  Judge  Wallis'  and  the  Hold  of  Braddock^s  defeat ; 
tbe  second  before  reaching  Pittsburgh.  The  whole  distance,  in  followtuf;  tbe  risht 
bank  of  the  river,  is  between  McKeesport  and  Pittsburgh,  from  fifteen  to  sixteen  miles. 

Tbe  bighett  floods  of  the  Youghioghony  occur  betweeu  Castleiuan's  Kiver  and  Con- 
uellsvillu  ;  they  rise  to  IS  feet.  At  ConnellsviUe  tber  rise  from  12  to  15  feet.  Suit-wells 
may  be  dug  in  its  valley ;  coal  aud  iron  are  abundant ;  and  excelleut  materials  for 
building,  timber  and  stone,  are  found  all  along  it. 

The  preparatory  surreys  of  this  western  section  were  not  commenced  during  the 
last  seasou,  1H24.  They  can  alone  fix  tbe  geueral  route  of  tbe  canal ;  they  will  be  di- 
rected on  the  fallowing  bases :  From  Bear  Creek  the  canal  must  follow  the  right  shore 
of  tbe  valley,  descending  along  the  Yonghiogheny ;  and,  though  it  is  most  favorable, 
(preeeuting  a  rutted  bank  only  for  four  or  five  hundred  yards,)  whenit  reaches  Sel- 
bvsport  bndge  two  lines  of  direction  may  be  tried,  one  along  the  right  and  Che  other 
along  the  left  bank,  t«  the  old  salt-works.  The  depth  and  breadth  of  the  valleys  and 
ravines,  which  it  will  be  necessary  to  cross  on  ar[uednctB,  will  be  measured,  and  tte 
location  of  these  aqueducts  and  of  the  dums  to  form  reservoirs  will  be  fixed.  If  be- 
tween t^elbysport  anil  the  old  salt-works  the  left  shore  presents  any  advantages  over 
the  other  deserving  the  expense  and  trouble  of  crossing  twice  the  Yonghiogheny,  the 
location  and  dimensions  of  two  aiiuedncis,  one  at  Selbysport  and  above  tbe  old  salt- 
works, will  be  deteruiined,  and  a  feeder  led  frnm  Castlemnn's  River  to  the  latter. 

From  the  old  salt-works  to  the  Obiopyle  Falls  the  caual  must  follow  the  right  shore, 
which  is  most  favorable,  and  then,  crossing  Indian  Creek  on  a  u  aqueduct,  con  tin  ue 
along  the  same  bank  to  the  paper-mill,  four  or  five  miles  south  of  ConucUaville.  It 
will  be  proper  to  ascertain  whether  its  line  should  not  leave  the  valley  of  tbe  Yonghio- 
Sheuy  above  the  Obiopyle  Falls,  and,  running  eant,  gain  the  southern  branch  of  In- 
dian Creek,  to  rejoin  the  Youghiogheny  by  descending  Indian  Creek  Valley. 

Prom  the  paper-mill  the  cunal  sbonid  be  run  at  a  sufficient  elevation  above  the  river 
to  leave  the  shore,  and  gain,  if  possible,  the  high  level  which  lies  east  of  ConnellsviUe, 
in  order  to  turn  round  the  rugged  blutf  below  that  place.  From  tbence,  following  the 
right  shore,  it  will  reach  Robstown,  after  crossing  on  aqueducts  Mnuuet's  Creel:  and 
Jacob's  Creek.  The  localities  and  dimensions  of  these  aqueducts  must  be  determined, 
as  well  as  tbe  resonrces  which  these  streams  may  afford  to  supply  tbe  canal  by  turning 

From  Robstovrn  to  McKeesport,  keeping  along  the  right  shore,  it  must  cross  Sewickly 
Creek  over  on  aqueduct,  whose  dimensions  and  location  must  be  determined.  As  this 
creek  has  two  considerable  branches,  they  must  be  examined  to  determine  whether  res- 
ervoirs cannot  be  mode  in  them.  From  McKeesport  to  Pittsburgh  tbe  canal  will  fol- 
low the  right  shore  of  the  valley  of  the  Monougabela,  crossing  iu  succession  Crooked 
Run,  Turtle  Creek,  and  Nine-Mile  Run  on  aqueducts. 

To  OBoertaln  whether  from  the  paper-mill  the  right  shores  of  the  Youghiogheny  and 
Monongahela  are  certainly  the  best,  a  level  sboiiid  be  niu  along  their  valleys  on  the 
left  shore,  and  the  locations  and  dimensions  of  the  dams  or  aqooducttt  wlUch  it  would 
be  necessary  to  rnn  through  the  Youghir^hany  at  McKeesport  and  through  the  Monon- 
gabela  near  its  confluence  with  the  Yuughiogbeoy,  iu  KUao  this  route  was  adopted, 
should  be  Axed  and  culculated. 

It  will  also  be  essential  to  try  whether  the  canal  might  not  turn  to  the  west  of  that 
narrow  and  rugged  ^lortion  of  the  valley  of  the  Yoii^hiugbony  where  it  forces  its  way 
through  Briery  Mountain  and  Lnnrel  Hill,  For  this  puriKise  a  level  should  be  run 
from  Selbysport  and  some  (Kiint  of  a  proper  elevation,  and  cniss  the  Briery  >Iountainat 
the  depression  which  it  offers  between  the  heads  of  Kulfaio  Marsh  Run  aud  theeaatom 
brancb  of  Sandy  Creek.  This  level  should  then  wind  round  the  ravines  of  the  head 
of  the  western  branch  of  Sandy  Creek  till  it  met  tbe  Laurel  Hill  at  the  spot  where  it 
might  be  crossed  by  the  shortest  tunnel.  When  it  reaches  itu  western  slope  it  should 
run  northwardly  along  its  foot,  to  descend  by  one  of  its  ruviaea  to  tbe  Yonghiogheny 
uplKiHLto  the  pajier-mills. 

Oil  the  whole,  tbe  western  section  of  the  canal,  from  the  month  of  Boar  Creek  to. 
tliatof  IheMonougahelaat  Pittsburgh,  ufl'ent  uuobatacles  which  may  notbeeiirmonnted|^ 


at  a,  rensoiialile  expense ;  ami  llio  wfttera  of  tiie  YoHghioglienr.  Bear  Creek,  and  Cas- 
tleman'B  River  fti*  amply  Biifticieiif  lo  feed  it.  Large  reserviiirs  may  bo  fonned  in 
Bettr  Creek  aud  Castknian'a  River  by  tbrowiug  dnuia  acrosa  tbem,  anil  on  tbe  route 
ftom  CaatlemaD'H  to  tlie  paner-tnills,  and  at  tbe  month  of  tbe  Yon^biogbenf  in  tbe 
Honongaliela.    Tlie  practii-ubilily  of  tbiH  aei-tion  ia  nut  of  tbe  qaeetion. 

Ita  lengtb  irill  bu  abont  one  biiDdred  tnilea,  and  tta  descent  from  Bear  Creek  to 
PittabnrKb  r>e41  feet,  aa  rittsburgb  is  7K  feet  akKire  the  level  of  tbe  ocean.  The  io- 
veetigatioti  of  tbe  toiioi^apby  and  iffater-coiiraee  of  tbe  country  tbrouRb  tvbicb  tbe 
Cbeeaiieake  anil  Ohio  Canal  ebonld  run,  and  tlie  reanltA  of  our  preparal«ry  Burvi^^, 
obtained  np  to  the  preseut  niomeut,  deiiionBtrat«  that  tbiH  uoble  enlcrprise  i»  pru- 
ttcable ;  ami,  although  vo  have  not  jet  nntllcient  data  to  calculate  tbe  expenfie  of 
the  work,  there  is  every  probability  that  it  will  not  bear  any  compariMQ  with  the  po- 
liticnl,  coniniercial,  ami  military  advantaijes  wliicb  it  will  procnre  to  the  lluion. 

Tbe  total  result  of  tbe  length,  i'i»e,  and  full  of  tbe  canal  ie  aa  follotva ; 

Total  length : 

From  tbe  tide-nater  in  the  Potomac  to  Cumberland,  (from  Meeara.  Muore  and 
BrigRa'  survey) ^ 1=4 

Prom  Cumberland  to  the  mouth  of  Savage  River,  (from  rei>ort  of  M^jor  Abert, 

United  StftteH  Topogropbical  Engineers) 3Jt 

Prom  the  mouth  of  Savage  River  lo  that  of  Bear  Creek,  by  the  Deep  Crepk 
route,  from  the  surveys  of  Captain  McKeill,  United  States  Topographical 
Engineers,  and  Mr.  Shriver,  United  States  aHsiatant  civil  engineer) 41 

From  tbe  month  of  Bear  Creek  to  Pittsburgh,  (from  Mr.  Shriver'a  computa- 
tion)          100 

Total  riw : 

From  tide-water  in  the  Potomac  to  Cnmberland,  (from  tba  profile  of  Cumber- 
land road) , .' oJT 

From  Cnmberland  to  tbe  month  of  Savage  River,  (from  Major  Abert's  enr- 
vey) 3J:i 

From  the  mouth  of  Savage  River  to  the  base-mark  on  the  Deep  Creek  snmmil- 
l6vel,( from  Coptain  McNeill's  survey) 1,)33 

2,8961 
Total  ietcent : 

Ffrt. 

From  the  baae-mark  to  the  mouth  of  Bear  Creek Sf* 

From  thence  to  the  Ohio,  at  Pittsburgh WU 

Total  lockage  for  rise  and  descent S,*t7 

S.  Brrxard, 

Brigadier-  GearraL 

Jos.   G.   TOTIKS. 

Major  Engi«eerg,  and  Brejxt  Lieutexanl-Coloiicl. 


The  operations  which  have  been  executed  in  the  field  in  1934  in  relation  to  the  con- 
templated Chesuponke  and  Ohio  Canal  had  chiefly  for  object  to  iiaoertain  tbe  prarlifa- 
bility  of  the  undertaking.  Those  performed  in  1*25  were  to  determine  the  rent*  to  1* 
recommended,  aa  also  to  ohtaiu  the  data  necessary  to  frame  a  geuerat  plan  of  the  work 
and  a  preparatory  estimate  of  the  espeuse. 

Another  aeries  of  operations  remains  yet  to  be  eiecnted :  1.  To  locate  acciiratfl? 
the  canal  on  the  ground,  and  to  fix  the  final  situ  of  tbe  locka,  aqne<locts,  culvrrts, 
dams,  bridges,  &c.  2.  To  frame  for  each  portion  of  canal  the  plans  and  profiles  nrcn- 
aary  for  ita  esecntion.  3.  To  make  on  the  spot  the  calculations  of  excavation  and  em- 
bankment. 4.  To  draw  up  the  estimate  of  each  individnal  work  according  to  iofd 
circumatancee.  .^.  To  prepare  the  proper  specilications  to  put  the  work  under  conliK'- 
Tbie  series  of  operatiouB  belongs  more  properly  to  the  construction  than  to  the  genewl 
plan  of  the  canal,  and  may  be  deferred  until  the  execution  shall  hove  l>een  decidt*!. 
TheBe  operations  will  then  keep  paco  with  tbe  execution  of  tbe  work,  and  their  resnlts 
for  each  portion  will  improve  by  the  experietice  gradually  acquired  diiriug  tbe  cod- 
Btruction  of  the  canal. 
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These  coDsiitcnitionB,  tbe  fiCHrcity  of  means  at  our  <]iaposal  at  this  lime,  and  tlie  ex- 
pediency of  aSbrdiu^  a  reealt  as  tn  this  great  ioipurtAnt  uatioiial  work,  liave  induced 
us  to  limit  tbe  aiirveya  to  those  utrictly  necexdary  to  euable  us  to  frame  a  geiiural  plait 
aud  a  preparatory  estimate. 

Id  the  repoi't  aabmitted  t>y  the  lioari!  on  the  2d  of  Febrnarj,  li^'ia,  (maiked  A  among  . 
the  documents  which  accompanied  the  Prt^idfiut's  musaHgo  of  the  14th  of  February, 
li^'>,)  alt  the  experimental  lines  aurreyed  in  l&H  havij  been  described,  aud  nientioa 
haa  been  made  of  several  others  which  were  yet  to  he  surveyed.  We  have  also  pre- 
aentetl,  in  the  aame  report  A,  the  couaiderations  relative  to  the  hydrography  of  the 
'u  the  general  direction  of  the  canal.    We  will,  therefore,  con&no  onraelvea  ti 


the  description  of  the  exuei 
1424,  had  been  postponed  ti 
out  the  route  which  seet! 


Idii 


'iital  lines,  which,  on  account  of  the  advr 


ivillo 


upare  these  lines  to  the  others,  and  point 


EXPERIMBNTAI.    LINES. 


inticipated  that  the  aec- 

luth  of  Bear  Creek  would 

a  Panther's  Point,  and 


Smumit-lteel  by  Deep  Cietl: — In  tbe  report  A,  It  had  been  » 
tioii  of  cauiil  from  tbe  tiiunel  at  Dewlckmau'a  Arm  to  the  mo 
follow  tbe  valley  of  Deep  Creek  aa  far  oa  the  Rapids,  then  t 
descend  to  tbe  moutb  of. Bear  Creek,  aXoog  tbe  left  aide  of  tbe  Yongbiogbeny.  How- 
ever, it  became  ueceaaary  to  compare  this  route  with  another  more  direct,  which,  fol- 
lowing the  farmer  as  far  as  Deep  Creek  bridge,  would  continue  to  Rock  Creek  Rud,  a 
■western  tributary  of  Btar  Creek,  The  survey  has  shown  that,  the  bottom  of  caoal  be- 
ing asHumed  three  feet  above  the  bottom  of  Deep  Creek  at  the  bridge,  a  tuDuel  would 
be  necosHary  to  cross  the  ridge  which  separates  Buffalo  Mnrsh  Run  from  Rock  Liuk  Run. 
Tbe  distauca  and  descent  ore  as  follows : 


SedUons. 

Miles. 

Tarda. 

roet. 

From  the  ewMm  end  of  the  tunnel  M  Deirtoli man's  Ann 
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l,0« 

381 

■> 

535J 
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In  this  total  distance,  two  tunnels  would  be  necessary :  one  at  Dewickman's  Arm, 
whose  length  would  be  one  mile  SliS  yards,  and  whose  bottom  would  be  below  the  top  of 
tbe  ridge  2^  feet ;  one  at  Bulfalo  Marsh  Run,  whose  length  would  be  two  miles  254 
yards,  aud  wbMe  bottom  would  be  below  tbe  top  of  the  ridge  343  feet ;  total  length 
of  tunnels  tbre«  miles  823  yards. 

In  order  to  remove  all  doubts  as  to  the  expediency  of  this  portion  of  canal-route,  and 
to  lessen,  as  much  as  practicable,  the  length  of  the  tunnels  and  the  excavation  at 
their  deep  cuts,  a  second  line,  13  feet  9  inches  higher  than  the  preceding  one,  has  been 
tried ;  tbe  resnlts  of  which  are  as  follows : 
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As  to  the  length  of  the  tunnels  and  the  height  of  the  ridges 
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This  aTTHiiKemeiit  would  IsBseD  the  length  of  tunnels  hj  1,069  jmOb,  aod  alBO  tbs 
excavation  tbrougli  tbe  valley  of  Deep  Creek  by  at  least  1,000,0110  cabic  yards.  Bat 
the  level  of  thin  ruute  bein;;  13}  feet  bibber  thau  that  of  tbe  former  route,  tbe  Tolnue 
of  available  water  in  the  reservoir  of  Deep  Creek  would  be  nioch  dimiuialied,  and  il 
would  also  become  neoesgaiy  to  raise,  by  13|  feet,  tbe  dams  recommeaded  (ia  the  report 
A)  across  the  Yougbiogbeny,  In  order  to  feed  the  canal ;  a  oircanistaace  which  wonH 
iDcreaxe  the  expense  and  dilficnitj'  attending  the  erectiun  of  these  dams.  It  must  1m 
observed  that  Deep  Creek  alone  is  altogether  unable  to  feed  a  suminit^levcl,  icbil«  it 
scarcely  yields,  during  tbe  dry  season,  5  cubic  feet  of  water  per  second.  Its  trilntarifs 
are  liable  to  become  entirely  drv,at^  happened  in  1KS5. 

However,  we  will  compare  this  direct  ronte,  mnning  from  Dewickman's  Ann  to  the 
raouth  of  Bear  Creek,  with  that  through  Deeii  Cri'Kk  and  the  rij[ht  aide  of  Ihe  Yough- 
ic^beny,  and  whose  distance  and  descent  are  as  follows : 


SkUdm. 

uii.».jy»rit 

FM. 

From  the  pmatem  snd  of  tlie 

S      l.Md 

«      ioii 

....'!  1  . ."? 

On  Ibis  pnrlion  of  mate  there  would  be  one  tunnel  only,  (at  Dewickman's  Ann.) 
whose  length,  as  already  stitted,  would  be  one  mile  5<18  yards.  The  distance  and  de- 
scent in  following  the  direct  ronte  would  be,  OS  above,  nineteen  miles 790  yardsfti^ 
feet. 

The  length  of  the  two  tunnels  taken  together  would  be,  as  above,  two  miles  1,493 

Tbe  direct  route  would,  therefore,  be  eight  miles  569}  yards  shorter  than  the  otbn', 
but  it  wonld  require  a  greater  length  of  tunnel  by  one  mile  5GS  yards,  and  canse  an 
increase  of  lockage  of  27^  feet,  which,  as  to  tinje  and  expense,  gives  a  decided  advan- 
tage to  the  other  route.  Again,  the  descent  from  the  debouch  into  Rock  Lick  Run  to 
the  month  of  Bear  Creek  is  'Ji^  feet,  on  a  distance  of  seven  miles  535}  yards,  whicli. 
on  the  supposition  of  a  uniform  declivity,  could  all'ord  but  115  yards  to  the  lucation  of 
one  lock,  H  feet  lift,  with  its  adjoining  pond;  but  this  declivity  is  far  from  beio!; 
uniform,  and  in  some  places  it  will  bo  su  rapid  as  to  oblige  to  locate  the  locks  qtii(« 
close  to  each  other,  a  circnmstaiice  which  would  involve  the  expense  of  a  double  set  of 
locks,  All  these  considerations,  added  to  the  difflculty  of  feeding  the  upper  lerrl, 
indnce  ns  to  reject  this  direct  route,  and  to  give  tbe  prefereuce  to  that  through  tlis 
valleys  of  Deep  Creek  and  of  the  Youghiogbeuy,  as  assumed  in  the  report  A,  (Febru- 
ary, ie25.) 

^ummil-ffPff  bg  Flaugherig  Creek. — But  a  much  more  important  route  was  yet  to  be 
examined,  which,  baviug  its  sumniit-teve]  at  tbe  sonrce  of  Will's  Creek,  would  com' 
mence  at  Cumberland,  n«cend  this  creek,  cross  the  ridge  which  separates  Will's  CrMk 
from  Cantlemau's  Kiver,  and  descend  tlie  valley  of  this  stream  to  debouch  into  (be 
Youghiogheny  at  its  junction  with  Castleman's  River  and  Laurel  Hill  Run.  Meotioo 
has  been  made  of  this  route  iu  report  A,  (pages  JO  and  41.)  Some  experimental  liii» 
were  surveyed  on  the  eammit-gronDd  in  11^4,  and  some  measurements  of  water  vmb 
taken ;  but  tbe  sea«on  I>eiug  tbeo  too  far  advanced  to  prosecute  further  the  surT^s 
and  lovelitige  relative  to  this  route,  tbe  board  were  compelled  to  de&r  their  eiecDlion 
until  1825 ;  and  as  early  ns  the  13th  of  March,  l&£y,  they  framed  detailed  iDStracliMS 
respecting  the  surveys  and  iuvestiEations  necessary  to  ascertain  the  practicabititr  of 
a  route  of  canal  in  this  direction.  This  route  de»erveil  so  much  the  more  a  careful  n- 
amioution  that  it  promised,  by  means  of  a  tunnel,  a  shorter  distance,  but  it  becunt 
neceiuuiry  to  ascertain,  in  the  finit  instance,  the  minimum  length  of  the  tunnel  nbicb 
should  receive,  at  its  western  end,  water  FTiougU  from  Castleman's  River  to  supply  tbe 
Hummit-level  and  a  portion  of  the  cannl  down  Will's  Creek.  I'pon  (Ills  point  nutrri 
tbe  practicability  of  this  route.  Indei-il,  tbe  survey  luade  in  11^4  bad  tried  a  tuunrl "( 
l,44:t yards  in  length,  with  a  greatest  height  of  ridge  of  I5G  feet;  bnt  the  esantiil 
condition  of  a  suHicieut  supply  of  water  bad  not  been  obtained  nt  such  an  eleration- 
It  therefore  remained  to  tiud  out,  by  surveys,  a  tunnel  combiniug  tbe  ahortesi  ievp^ 
with  a  cumpeteiil  supply  of  woter.  These  surveys  were  intrusted  to  Capt.  Wm.  G. 
McNeill,  of  the  Topographical  Engiueers,  who  carried  them,  iu  tbe  most  able  taanocr. 
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be  admitted  to  procure  at  the  eanie  time  the  other  requisite  as  to  the  eiifflcienc;  of 
water.  Tlie  length  of  this  tunnel  is  four  miles  80  yards,  with  &  deep  cut  at  each  end ; 
tbe  eBBtern  being  140  jardH  Inng,  the  westpin  1,060  yards;  the  greatest  depth  of  eaen 
3^  feet,  b\it  the  height  of  the  top  of  the  ritige  .ibove  the  bottom  of  the  tunnel  is  not 
leas  than  R56  feet. 

Let  na  now  examine  the  resources  afforded  to  fend  tbia  Hominit-level.  Castleman's 
RiveriBtheonlystreamnpun  which  we  can  rely  to  fiilQU  this  object.  It  yielded,  on  tbe 
21st  of  June,  1925,  ai  Pleucher's  farm,  twelve  miles  above  tbe  mouth  of  Flaacberty 
Creek,  IS  cubic  feit  of  water  per  second ;  on  tbe  7tb  of  tbe  same  month,  it  yielded  at 
tbe  same  place  41  cobic  feet  per  second;  on  tbe  lOth  of  July,  same  year,  it  yielded  3d 
cubic  feet  per  second,  ainve  the  month  of  Plaugherty  Creek.  It  must  be  observed, 
tb»t  in  consequence  of  a  freshet,  the  stream,  on  tbe  2'tl:h  of  June,  1625,  yielded  at 
Forney's  Mill,  five  miles  above  Flaogherty  Creok,  803  cubic  feet  per  second;  three  days 
afterwards  it  still  delivered  103  cnbic  feet.  Krom  all  these  reeiill:a  we  adopt  tbesmall- 
est ;  and  we  assume  18  cubic  feet  aa  the  miuimum  of  water  supplied  by  Casselman'a 
ubove  tbe  mouth  of  Flaugherty  Creek.  Besides  tbia  supply  of  running  water,  tworea- 
trvoirs  can  I>e  made  in  the  bed  of  the  atream  :  one  at  Plcncbei'a  ^rm,  containing 
4,679,0-.S  cnbic  yards;  thesecoud,  below  forney'a  Mill,  contftiuingl7,091,4L10 yards;  to- 
gether, abont2iJ,000,0(K)  yards.  The  dam  of  thf  tirat  would  be  40  feet  high,  230  yards 
loDg  at  the  top  ;  tbe  foot  114  feet  sbove  the  summit-level  ;  the  dam  to  form  tbe  other 
would  be  50  feet  high,  (to  obtain  a  height  of  40  feet  of  available  water,)  and  from  140 
to  160  yards  long  at  tbe  lop.  Tbe  feeder  from  the  upper  reservoir  to  the  lower  one 
would  be  about  Seven  miles  ;  but  the  feeder  from  the  lower  and  larger  reservoir  to  the 
e II mni it-level  wonld  be  three  and  one-tbird'milBa  only.  Tbe  area  of  the  reservoir  at 
Fleuchof  8  farm  will  be  1.040,600  aqnara  yarda  j  that  of  tbe  great  reaervoir,  2,541,008 
Bigiiare  yards  ;  total,  together,  3,581,600  square  yards. 

We  Hball,  in  the  sequel  of  this  report,  take  into  more  minute  consideration  these  sup- 
plies of  water  ;  for  tbe  [noment  we  leave  tbe  subject  to  preaent  a  comparison  between 
Cliis  route  uf  canal  and  that  by  Deep  Creek,  aa  suggeated  in  the  report  A,  by  aad  ia 
oonsequunce of  the  limited  facta  which  then  it  had  been  in  our  power  to  ascertain. 
Tbe  tiret  will  be  desigualed  Caslleman's  route,  tbe  olber  Deep  Creek  route. 

The  length,  ascent,  and  descent  of  Caatlemau's  route  are  as  follows : 
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Tbe  length,  ascent,  and  descent  of  the  Deep  Creek  route  areas  follows 

SKtlons.                                                              Miles. 

Yards.]    Feet 

Frnio  tiiemoQlhof  Sava|te'lo'thBinoutii'otCr»Vlie9Cn«k 5 
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Total  d««ut,l,«6  feet.                                                                                 ) 

Both  summits  of  these  routes,  being  compared  aa  to  altitude  to  tbe  Cumberland 
bencb-niiirk,  will  nbow  a  ditfereuco  of  level  of  4:lli^  feet  in  favor  of  the  Cnntleman 
route.    This  ditfereuce  would  be  440  fuct,  if  the  level  of  comparison  were  aasuuied  at 
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tbe  point  of  junction  nl  tbeso  routes  into  the  Vunshio^thcD; ;  bat  aa  &t  this  point  no 
wull-fixBcl  beuch-ttmlk  had  been  ai{rBi"l  to  liotwocii  tha  two  Borveyhiif  parlies,  we  wly 
in  preftruDca,  on  the  former  reHiiit.  This  important  rpsult  shows  that  throngh  Cutle- 
man's  thu  lockage  will  be  f^Z  feet  less  than  throii^li  tlie  otiier  route. 

As  to  distance,  tlie  foregoiuf;  Rtatonients  exhibit  a  lencth  of  ei);bteen  niili<ii30  yaifli 
in  &vor  of  tbe  Costlemnii  route;  whicli,  combiuetl  witli  a  less  amoniit  of  lockagv, 
gives  to  this  route,  as  to  time,  a  <lecii1e<l  ailvaata^over  the  D.!ep  Creek  ronro. 

Let  IIS  examine  now  wbich  of  these  routes  will  aflunl  the  grentest  facility  U>  tlie 
location  of  the  locks. 

By  assiiuiins  H  feet  as  a  combion  lift,  we  RnA  that,  from  Cumberland  to  the  month 
of  Savage,  theaveru|;e  ilistanee  between  the  heads  of  tbo  two  locks  will  be  1,396  yariln; 
from  tbe  month  of  Savace  to  Crabtrec  Croek,  18:)  ynnls ;  from  thn  mouth  of  Craliirw 
Creek  to  tbe  eastern  end  of  tha  snmmlt-level,  117  yanls  ;  and  this  on  the  sniipositiuD 
of  a  uniform  declivity,  which  is  far  from  bein^  the  case,  and  more  especially  in  tbe 
valley  of  Crabtrae  Creek,  where,  toward  the  head,  the  lucks,  ou  account  of  the  steep- 
ness of  the  ascent,  conid  not  nven  linil  room,  uulwis  their  lift  should  be  considembly 
increased.  To  this  diOiculty  we  muMt  B>1d  the  narrowness  of  the  valley,  which  would 
oblige  to  resort  to  very  exteusive  means  to  erect,  where  nucesaury.  double  sets  of  locks. 
as  also  to  shelter  the  work  from  duHtrucliuu,  either  by  high  freshets  or  by  heavy 
showers. 

As  to  the  western  section  of  this  routo,  serious  tlifflcnlty  would  be  encountered  to 
tarn  Panther's  P<ii]tt,  the  sudden  fall  b^ins  (;reat  and  the  side  of  the  valley  very  prr- 
cipitouB.  It  would  became  necessary  to  descend  nt  once  about  400  feet  in  a  distance 
which  could  hardly  afford  room  for  ttiis  locntiua  of  locks  succeeding  closely  to  eaah  other 
without  intermediato  ponds.  This  circuoiHtance  would  either  necessitate  a  double  set 
of  locks,  or  oblige  to  atrutch,  at  considerable  expense,  the  line  of  canal  around  tbis 
steep  spur  which  separates  Di>ep  Cut  from  Iloy'a  Run. 

These  difficulties  as  to  the  location  of  lucks  are  not  to  be  met  with  on  the  Casll«' 
man  route.  In  the  valley  of  Will's  Creek  200  yards  will  be  tbe  shortest  distance 
between  tbe  heads  of  two  successive  locks,  and  iu  that  of  Caatleiuan's  300  yards.    We 


t  also  remark  that,  though  the  valley  of  Will's  Creek  becomes  gradually  n 
abovethemouthof  Little  Will's  Creek,  j'ct  it  affords  room  enough  for  tbe  works. anil 
these  will|be  more  easily  protected  against  freshets  and  showers  than  they  could  be  in 
the  valleys  of  Crabtree  Creek  and  Suvaj^  Kiver, 

The  foregoiuff  considerations  show  tbiit,  in  relation  to  a  less  difficult  location  of 
canal,  the  Costlemau  route  has  (abstraction  beinf;  made,  fur  tbe  present,  of  the  tannfl) 
a  decided  advantage  over  the  Deep  Creek  route.  But  another  important  object  is  also 
to  be  examined:  we  mean  the  supply  of  water  at  tbe  respective  so  mm  it-levels. 

Respecting  this  point,  it  has  been  seen  that  tbe  resourctw  yielded  by  CasClemanX 
above  the  mouth  ot  I'laiigherty  Creek,  consisted  of  IS  cobio  feet  per  SBOond  of  running 
wftt«r,  and  of  two  reservoirs  of  availablo  stored  water,  amounting  to  about  W.OOO.iKk' 
enbic  yards.  As  to  the  Deep  Creek  summit-level,  it  has  been  shown  in  report  A  (Feb- 
raary,  Ifib.)  that  Deep  Creek  delivered,  as  a  minimum,  5.12  cnbic  feet  per  second, 
(page  32;)  the  Little  and  Great  Youebiogbeny  together,  3li.!^  cubic  feet  per  second, 
(page  3H  ;)  total  of  running  <vater,  32  cubic  feet  per  second. 

I'he  reservoirs  In  Deep  Creek  amount  to  3,ai4,lri6  cubic  yards  of  available  water, 
(page  32,}  and  (bose  iu  the  Yoiigblogbeny  to  9:i,t>!^,<XIT  cubic  yards  together,  (page  37 :« 
total,  ar),90:l,  ir>3  cubic  yards ;  we  assume  26,000,000.  These  supplies  of  wat«r  will  com- 
pare as  follows: 

pereecopd.  jsiJu. 


Difference  in  favor  of  Deep  Creek 14  \  4,U0O,0i>i 

But  the  following  remarks  will  attonnaterhisadvantage  and  indiiceto  place  these  re' 
sources  upon  a  nearer  footing :  1.  Deep  Creek  and  both  Youghiogheuim  were  j^ug^d  in 
1^24,  whereas  Castlemun's  Kiver  was  measured  in  IBi't,  whose  summer  and  antumu  were 
drier  than  those  of  the  preceding  year.  2.  Tbe  feeder  ilestiueil  to  bring  the  water  of  tbo 
Yougbiogbeny  reservoirs  on  to  the  summit-level  of  Deep  Creek  wilt  be  nbuut  twelve 
miles  long,  while  the  feeder  from  the  great  reservoir  below  Forney's  Mill  will  be  but  tbreo 
and  one-third  miles  iu  length.  Therefore  tbe  loss  of  water  by  evaporation  and  leska^re 
will  be  for  the  latter  tbe  fourth  of  that  for  tbe  former.  This  fact  deserves  so  much  mure 
due  attuntinn  that  experience  has  proved  positively  that  such  losses  were  by  far  gTeat<-c 
in  feeders  than  in  portions  of  canal  of  the  name  length.  3.  The  18  cubic  feet  per  secontl 
allowed  to  Castleniau's  River  were  gauged  at  Pleucher's  farm,  114  feet  above  the  snni- 
mit-level,  and  jio  account  has  been  kept  of  the  water  delivered  by  Mendow  Run,  Tub 
Bnu,  Pine  Run,  tribularies  of  Castleman's,  whose  months  are  below  I'lenober's  farm, 
and  higher  than  the  summit-level ;  however,  they  have  yielded  together,  as  a  miuirauni. 
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OQ  tbe  lust  days  of  Juue  anit  first  days  of  July,  1*2S,  13.84  cubic  feet  per  secoDd. 
4.  The  reaer voire  in  tlie  You ghio(;lieii,v present  toevapomtionanaresof  (report  A, page 
37)  12,45d.9-J8  nqnare  yards,  while  tliose  in  Caatleiuan's  present  but  3,5^1,600  square 
yards  [  difference  iu  favor  of  the  latter,  H,S7 1, 3iM  square  yanls,  adiffereaco  which  will 
cause  a  saving  of  abont  6,000,000  culjic  yards  of  water,  the  yearly  fall  of  rain  being 
snpposed  to  be  but  36  inches,  ami  the  common  ratio  of  5  to  3  l>eiog  admitted  between 
thfi  yearly  evaporation  and  fall  of  rain  uiion  Vhesurfiwe  of  a  ^iven  roeervciir. 

The  liire^oiuf;  facts  and  computations  lead  as  to  the  ooncltision  that,  with  respectto 
water-supply,  both  routes  may  l>e  considered  as  on  an  equal  footing.  It  remains  now 
to  comiiare  the  expense  attending  the  construction  of  either  route. 

The  lookagB  on  the  Deep  Creek  route  is  873  feet  more  than  on  the  Castleman  route ; 
to  which  are  to  bo  added,  for  donble  set  of  locks  in  Crabtree,  at  least  350  feet,  and  at 
Panther's  Point,  at  least  200  feet;  total,  1,423  feet,or  17e  locks,  8  foet  lift,  which  would 
coBt  J2,136,000,  at  the  rate  of  812,000  each. 

The  deep  cut,  from  the  nestern  end  of  the  tunnel  to  the  hase-mark  at  Deep  Creek 
bridge,  is  five  mites  4H0  yards  long,  and  has,  at  its  eastern  end,  a  depth  of  40  feet, 
which  diminishes  gradually  on  approaching  the  base-mark.  The  amount  of  its  exca- 
vation will  be  1,407,961  cnbio  yards,  from  which,  on  subtracting  Si.^Z^  cubic  yards, 
amount  of  excavation  for  the  western  deep-cut  of  the  tunnel  at  Flaugberty,  it  remains 
1,320,405  cubic  yards  to  the  disadvantage  of  Che  Deep  Crcok  route.  On  the  reasonable 
Bupposicion  that  the  ground  will  reiiniro,  fur  excavating,  two  men,  one  with  shovel, 
the  other  with  pick,  and  the  transportation  being  assumed  at  the  distance  of  ninety 
yards  for  an  ascent  of  one-twelfth,  this  excavation  will  cost  844d,^itT.70  at  the  rate  of 
34  cents  the  cubic  yard. 

The  Dewickman  tunnel  is  one  mile  !>68  yards  long,  and  has  332  feet  of  height  of  ridge 
above  its  bottom. 

The  Flaugherty  tnnnel  is  fonr  miles  60  yards  long,  and  has  856feet  of  height  of  ridgs 
ftbove  its  bottom. 

Difference  in  favor  of  Deep  Creek,  two  miles  1,272  yards  in  length,  and  BS^  feet  in 
height  of  ridge  above  its  bottom. 

The  comparative  cost  of  these  tunnels  will  be  as  follows  i  the  substance  supposed  to 
be  sandstone : 
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Ft&agberty's. 

DIflbnnce. 
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Keapecting  the  dame  to  he  erected  across  the  two  Youghiochenios  to  form  the  reser- 
voirs dehtined  to  supply  the  Deep  Creek  summit,  they  sliould  have  at  least  a  height 
of  50  feet,  and  may  be  rednced  to  four  in  number.  They  would  also  measure  toeethor 
a  length  of  1,200  yards  at  the  least.  As  to  those  across  Castlenian's,  they  may  be  ra- 
d need  to  one  only  below  Forney's  mill ;  its  height  will  be  !iD  feet,  and  its  length  at  the 
top  160  yards.  The  expense  for  this  object  will,  therefore,  be  seven  and  a  half  times  as 
great  for  the  Deep  Creek  as  for  the  Castleman  route. 

The  dam  below  Forney's  mill  will  cost $27,601  60 

Therefore  the  dams  across  the  Yoiighioglieoies  will  cost  together 207,(112  00 

Difference  in  favor  of  the  Cast!  em  an  route 179,410  40 

Finally,  the  ronte  by  Deep  Creek  will  be  eighteen  miles  30  yards  longer  than  by 
Flaugherty  Creek.    These  eishteen  miles,  on  tlie  most  favorable  supposition  of  level 
cutting  and  light  ground,  will  coat,  at  the  rate  of  13.6  cents  percnbic  yard,  digging  and 
transportation  included,  $96,940.80. 
Recapltulatiug,  now,  the  extra  expenses  for  each  route,  we  find  them  as  follows : 

Dfep  Creek  route. 

For  lockage ^2,136,000  DO 

For  the  westom  deep-cnt 448,9:t7  70 

For  the  dams 179,410  40 

For  the  ei|[l)teen  miles 96,940  «0 

Total 2.861,288  90 

..  i,C_.(.KWlc 


CiutUKtan'i  route. 

For  two  miloB  1,873  yarda  of  tunnel S,33<,315i: 

Difference  in  f»vot  of  this  rente 536,973  ^ 

The  Castlemsn  route  will,  therefore,  be  leas  expensive  tlian  the  Dsep  Creek  ronlc; 
ita  8Ql>ply  of  water  nearly  the  same;  ita  locatioa  more  eaay ;  ita  Bummit-lerel  leu 
liable  to  he  encnuibered  at  the  enda  ;  and  on  ooconat  of  less  lookage  and  shorter  lent(Ui 
it  will  produce  a  saving  of  time  of  twenty-two  hoara.  All  these  ntsnlta  comhiiHid  lud 
ua  to  gtve  to  the  Castleniaa  route  a  decided  preference. 

Before  cioeiii^  thia  part  of  our  report  we  moat  exhibit  tlie  resulta  of  an  attempt 
made  to  avoid  lb e  rugged  portion  of  the  Yoiighiofchenj',  where  the  stream  forces  itsiraf 
through  Briery  Mount  an<l  Laurel  Rill.  To  thin  effect  a  route  was  tried,  which,  com- 
mencing  eitlier  at  the  fork  of  Bear  Creek  or  above  the  Swallow  Fulls,  in  the  Youghio- 
gbeny,  mas  through  Aaher'a  Glade,  a  depression  of  Briery  Mount,  thence  croaaes,  Dj  a 
tUDUel,  Laurel  Hill,  to  follow  afterward  its  western  side,  and  debouch  into  the  Yongh- 
iOEheny  at  the  mouth  of  Dunbar  Creek,  one  mile  above  Counellsville. 

Heution  has  l>een  made  of  tbia  route  in  the  report  A.,  (Febrnary,  1825,)  pageU. 
Though  the  single  iuspeotion  of  the  ground  bad  sufflcientiy  shown  that  very  little 
reliance  was  to  be  placed  upon  it,  yet  It  was  essential  to  try  ita  dej^ree  of  practicability; 
its  snrveyB  and  leveliugs  were,  therefore,  made  at  as  long  sights  as  the  ground  woiud 
admit. 

The  fork  of  Bear  Creek,  that  is,  the  point  where  the  west«rn  and  ea«t«rii  braochH 
nD<t«.  has  been  found  to  ba  780.93  feet  below  the  base-mark  at  Deep  Creek  bridge,  and 
A4U.09  feet  below  Briery  Mount  at  Asher's  Glade ;  tberufure,  Agber'a  Olade  ie  bnt 
131.84  feet  below  tlie  base-mark  at  Deep  Creek.  Thin  fact  alone  shows  the  alwd1al« 
impracticability  of  obtaining  a  line  of  canal  in  this  direction.  It  shows,  also,  that  vrbat- 
ever  may  be  the  liue  devised  to  reach  Asher's  Olade,  it  cannot  be  kept  lower  than 
131.64  feet  below  the  summit-level  of  Deep  Creek,  and  must  rely  on  the  Yoiighioghenj 
alone  for  its  supply  of  water;  and  thia  fur  its  wbole  length,  from  Deep  Creek  totbe 
mouth  of  Dunbar  Creek ;  the  resources  afforded  by  the  iuterveDing  streams  l>eing,  in 
summer,  of  no  consequence. 

By  trying  a  line  through  the  left  side  of  the  Youghiogheny,  we  shonld  first  crow  tlis 
stream  by  an  aqueduct  of  more  tliau  150  feet  high,  then  follow  tfae  western  side  of  tli« 
valley,  to  strike,  in  succession,  tbe  head-branches  of  Buffalo  Creek,  Big  Sandy  Cnek, 
and  Little  Sandy  Creek.  The  line  would  then  cross  Laurel  Hill  by  a  tunnel  of  one 
and  a  half  miles  in  length  and  547  feet  under  tbe  ridxe,  and  tbence  descend  \a  (he 
month  of  Dunbar  Creek,  after  having  traversed  deep  and  numerous  ravines  which  faf- 
row  the  western  side  of  LanreL  Hill.  It  must  be  remarkeit  that,  from  the  Little  Sandj 
to  the  mouth  of  Dunbar  Creek,  in  a  distance  of  aboat  twelve  mileH,  this  route  of  eanil 
would  oppose  difficulties  which  would  be  far  greater  than  those  to  be  met  with  in  lbs 
valley  of  the  Youghiogheny,  where  the  stream  breaks  through  Briery  Monnt  and  Lanrel 
Hill.  The  distance  from  Deep  Creek  to  ConoellsviUe  by  this  rortto  would  be  sevenlf- 
one  miles,  and  six  miles  longer  than  through  the  valley  of  the  Youghiogheny ;  and  11 
we  add  to  tbe  foregoiug  statements  the  deBcieucy  of  water,  we  iliust  conclude  tbat  a 
canal  following  this  direction  ie  utterly  inadmissible. 

In  conformity  to  an  order  of  the  Eugineer  Department,  a  leveling  has  been  madc,in 
March,  1826,  in  relation  to  a  feeder  destined  to  transfer  tlie  water-snpply  of  Deep  Crwil 
summit  to  tbe  Casaelraan  summit.  Capt.  William  O.  McNeill,  of  the  Topographiol 
Engineers,  to  whom  this  doty  was  assigned,  received  from  the  board  the  neceasar;  in- 
structions.   His  report  afiords  the  following  results ; 

Length  of  t\e  feedfl: 


From  (be  bsiie.niirk  stDeepCroek  bridgo  to  Ibe  point  wbere  the  fL-cdar  maeta  Cnetle-  \ 

From  this  point  to  'th<>  bridgo  Bcronn  CBilleman'i  RiTeVontlie  Xat'loiiiii  Rwd,  (uoirjy). 

ThencolothBnworv.iiratPliiuchcrBfiirm • 

Add  tlio  li'iigth  of  fwder  ttnta  the  dsnis  in  lbs  YouEfaloKhciiy  to  the  resortoir  it  j 
UespCraek | 

Totallonglh I 


jdbyGoogle 
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On  this  distance  tbare  are  four  deep  outs  and  two  tunael^,  viz : 


A  deep  enl  termiDitlDK  in  Bnffilo  Uanh  Run  . 
TbFDCe  ■  tunnel  U>  the  vallr;  of  BeuCimk  ... 


A  dtitp  cuiftnni  ihBendof  tbia  tD_ 

A  deep  tut  at  the  western  side  of  Hegro  U 

A  timnellhroDKb  tbismounulD 

A  deep  cut  t'rum  tbe  nod  of  tliia  tunnel . . . 

Together 

Out  of  whtcb,  for  deep  cnts,  baving  35  feet  of  greater  depth,  three  miles  313  yards 
for  tnauela,  seven  niilee  819  yards. 

It  is  furtuoate  that  so  Iod);  and  so  expensive  a  feeder  can  be  dispensed  with. 

The  foregoioi;  factA  and  iuvestigatious,  cniiiiecte<l  with  those  exposed  in  tbe  report 
A,  (Febrnary,  ltJ25,)  lead  us  to  recommend  tbe  following  route  for  tbe  Chesapeake  and 
Ohio  Canal : 

From  Georgetown,  D.  C.  to  (Jnmberland  it  will  ascend  tbe  valley  of  the  Potomac  ; 
tbouca  the  valley  of  Will's  Creek  to  tbe  muulh  of  Bowman's  Run.  It  will  then  cross 
tbe  summit-ridge  by  a  tunnel,  and  descend,  in  succession,  tbe  valleys  of  Casselman's 
River  and  tbe  Youghii>gheny,  to  terminate  at  I'ittsburgb,  Pa.,  at  tbe  month  of  the 
Monongahela. 

"We  have  now  to  present  the  description  of  the  general  plan  of  tbe  work  ;  bnt  as  we 
think  it  more  expedient  to  progress  simnltaneously  with  tbe  description  and  estimate, 
we  will  previonsly  give  an  analysis  of  the  main  prices  upon  which  tbe  estimate  is  ciil- 
cnlated,  and  point  unt  tbe  dirauiisious  upon  wbich  the  plan  is  predicated. 

We  observe,  also,  Ibat  tbe  wliole  line  of  canal  will  be  subdivided  into  three  distinct 
sections,  each  of  them  forming  of  itself  a  HCjiarato  system,  viz : 

Kastern  seclion,  from  Georgetown  to  Cumberland. 

Middle  section,  from  Cumlierlan<l  to  the  mouth  of  Caasebuan's  River. 

Western  section,  from  tbe  month  of  CiiBseliuan's  to  I'ittsburgh, 


Tbe  transverse  section  of  tbe  canal  is  exhibited  on  the  sheet  No.  3.  Tbe  breadth  at 
tbe  bottom  is;i:l  feet;  at  tbe  surface,  48  feet;  tbe  depth  of  water,  5  feet;  tbe  tuw-path, 
d  feet  wide ;  the  guard-banks,  fi  feet  at  the  top ;  tbe  snrf-berrus,  kept  ou  the  level  of 
water,  2  feet  wide  each ;  tbe  tow-path  and  top  of  the  guard-bank,  2  feet  above  the  sur- 
face of  tbe  canal. 

This  transverse  section  is  to  be  modified  where  local  circumstances  require  it,  and, 
more  especialiy.  in  the  cases  of  deep  cutting,  steep  Hide-cutting,  embanking,  and  also 
-where  tbe  canal  is  supported  by  wails.  In  the  framing  of  the  plan  a  due  attention  has 
l>eeQ  paid  to  these  modifications,  with  a  view  to  conciliate  the  convenience  of  tbe  work 
'with  the  strictest  economy.  The  depth  of  5  feet  has  been  preserved  throughout  the  line, 
Itiit  the  breadth  has  been  often  muuh  lessened.  As  to  tbe  surf-berms,  they  are  inteuded 
to  protect  the  slopes  from  beinc  washed  off,  as  also  to  lessen  the  resistance  opposed  to 
the  boat  by  affiinliug  to  tbe  etidy-water  a  free  poaaage. 

We  mnst  submit,  however,  tbe  reasons  which  led  us  to  propose  the  above  dimensions. 

Tbe  experiments  made  in  1775  by  the  French  Academicians  (D|Alembert,  Condaset, 
and  Bosaat)  have  sbowo — 

1.  That  the  resistoace  of  water  to  the  perpendicnlar  motion  of  a  given  plane  may  be 
Teearded  as  proportional  to  the  square  of  tbe  velocity. 

S.  That  the  velocity  beiuj;  the  same,  the  resistance  of  water  may  bo  considered  as 
proportional  to  the  area  of  tbe  plane. 

3.  That  these  results  obtained  oDly  ii 

4.  That  in  narrow  canaU  tbe  resistaui 
of  tbe  velocity. 

To  attenuate  as  mtich  as  practicable  this  inconvenience,  researches  have  been  made 
u  what  should  be  tbe  ratio  between  the  transverse  section  of  the  canal  and 
«  section  of  tbe  boat,  in  order  that  the  boat  might  move  tlitongb  such  a 
canal  as  through  an  indefinite  expanse  of  water. 

Kx|ierimentB  made  on  tbe  subject  by  the  celebrated  Chevalier  Dubuat  have  shown 
tliat  to  attain  this  result  the  croHs-section  of  the  canal  ought  to  be,  vritb  moderate 
cities,  6.4G  times  the  cro^-section  of  tbe  boat,  and  tbo  water-liue  4i  times  tbe 


breadth  of  the  boat. 
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Adoptini;,  to  presierve  an  I  form  it;',  13)  fent  for  the  breailtb  of  the  hoaU  ii»ed  on  ths 
Che«apeak<9  and  Ohio  Canal,  (nhicli  ia  the  breadth  of  the  Erie  Caaal  ami  of  tbe  Ohio 
Canal  boats,)  if  we  aitppose  tlie  ilraDKbt  to  be  3  feet,  the  prow  to  be  rectangalar,  and 
the  aides  atid  bottom  of  the  boat  to  conform  to  It,  tbe  croaa-HectioD  of  tbe  b^t  will  be 
40.5  square  (evl.  TaklnK.  now,  this  area  G.46  thuea,  n-e  find  liGlf  square  feet  for  the 
croaa-aection  of  the  canal,  thronsh  which  tbe  boat  woold  not  meet  with  a  gre^ler 
reaietaoce  tbau  through  an  iuiletinit«  eipanae  of  water.  The  water-line  Bbould  b«G>4 
feet ;  that  ia,  four  times  and  a  half  tbe  breadth  of  the  boat 

Were  not  expenm  to  be  taken  into  coneideratiOD,  these  dimeosions  might  be  recom- 
incDded,  hut  fltneaa  of  the  work  and  strict  economy  uiuat  be  recuociled  sa  mucb  u 
practicable,  and  it  ia  in  eiioh  a  view  that  smaller  dimeaaioDB  are  to  be  fixed  npoa. 

It  is  to  be  remarked  that  Ihe  distaace  from  Georgetown  to  Plttabnrgh  tn  fotloTiog 
the  line  of  tbe  caoal  is  three  hundred  and  fortf-ons  and  three-quarter  miles,  whicb,  it 
tbe  rateof  twoand  a  half  miles  per  hour,  will  be  travaled  in  abouC136  hours.  Theasceat 
and  descent  amounting  together  to  3,158  feet,  will  require,  at  the  rate  of  one  mmnK 
per  foot,  about  52  hours;  distance  in  time  from  Georgetown  to  Pittabnrg,  I&j  honn. 
Thongh  a  number  of  canals,  selected  among  tlione  executed  to  this  day,  might  aSord, 
together,  the  distance  and  lockage  found  for  the  Chesapeake  and  Ohio  Caual,  yet  there 
is  not,  within  our  knowledge,  any  line  of  the  same  extent  requiring  even  1,800  feet  of 
ascent  and  descent  taken  together.  The  Erie  Canal  requires  SSS  feet  for  three  hondrtd 
and  siity-two  miles;  the  line  from  Liverpool  to  London,  1,451}^  feet  for  two  huudred 
aud  sixty-four  miles ;  the  canal  froui  the  Rhone  to  the  Rhine,  connecting  Lyons  vilii 
Strasbourg,  has  about  l,4!i8  feet  of  lockage  for  a  length  of  two  hundrHiI  miles.  The 
proposed  caual  has,  therefore,  as  to  time,  a  decided  mferiority  when  compared  to  s 
canal  of  tbe  same  length,  but  having  a  less  amount  of  lockage;  aud  it  becomes,  in  tin 
present  case,  indispensable  to  remedy  this  inconvenience.  The  means  we  propmw  v>b- 
sist  in  the  increase  of  the  dimensions  of  the  crosa-sectiou  of  the  canal,  with  a  view  U 
compensate  by  a  greater  weight  (transported  without  additional  iiower)  for  the  virtual 
increase  of  distauce  caused  by  so  great  an  amount  of  lockage. 

We  have  shown  that  this  section  ought  to  be  ^1  square  feet,  with  a  water-line  oflU 
feet,  to  procure  a  boat  13  feet  6  inches  in  breatlth  the  advautage  of  moving  on  the  cinal 
as  on  an  indcGiiite  extent  of  water.  After  many  trials  and  minute  calcnlationii,  "e 
have  coticluded  to  adopt  for  the  contom|>lated  caual  tbe  four-fiftlis  of  tlie  forcgoiiie  iv- 
snlte,  viz,  for  the  cross-suction  'ilH  sqnare  fii^t,  and  for  the  water-lino  4^  feet ;  and  from 
these  data  we  have  framed,  with  atlepth  of  5  foet,  the  general  triina verse  profile  of  [lie 
canal,  as  exhibited  ou  the  sheet  No.  3. 

Let  us  now  compare  this  profile  to  one  haTing  40  feet  at  the  surface,  29  feet  at  bot- 
tom, and  4  feet  in  depth  ;  the  boat  usi^il  Unug  the  anuie  for  both,  and  having  l^i  M 
in  breadth,  and  i)  feet  in  draught.  We  lind  by  caluiilution  that,  the  velocity  remain- 
ing the  same,  the  resistance  tu  the  boat  moving  iu  the  4':'-root  canal  ia  to  the  resisCamt 
to  the  same  boat  moviug.in  the  40-fout  canal  as  l.^il  to  l.'V,  orsa  lUO  to  130.  Therefoir, 
at  tlie  same  rate  of  velocity,  100  liorws  will,  on  the  4S-foot  canst,  perform  the  sane 
work  as  130  horses  ou  the  40-foot  caual ;  and  witli  the  aame  towing-pow^r  the  weii;ht 
■trausiiortcd  ou  the  4rj-foot  caual  will  bu  to  the  weight  transported  uu  the  40-foot  csuil 
as  130  to  100. 

But  the  depth  of  the  4^  foot  canal  being  one  font  greater  than  thodrpthnf  the  other. 
let  us  examine  what  will  be  the  comparative  reHistauce  uf  the  boat  being  iumierwil  -> 
feet  into  the  46-foot  canal,  auil  but  3  feet  in  the  other.  We  tioil  in  this  case  tbe  nti» 
to  be  1.47  to  l.'>8,  or  lOU  to  107,  aud  we  infer  from  it  that,  with  a  gain  of  about  T  prt 
cent,  of  towlng-power,  the  weight  transpnrt'»d  on  the  4iS-foot  canal  will  l>e  ooe-tbtid 
greater  than  the  weight  transported  during  the  same  time  on  the  40-foot  canal. 

The  foregoing  considerations  show  that  in  determining  the  transverse  section  of  * 
canal  of  great  length,  and  with  a  dividing  summit-level,  the  amount  of  lockage  nmst 
have  a  due  influence  upon  the  breadth  and  depth  of  the  wat^tr-soction.  Aud,  iudMed, 
taking  into  view  the  great  distance  and  considerable  lockage  belonging  to  tbe  preoiit 
case,  A  crosa-aoction  larger  than  that  recommended  might  have  been  suggested  bad  not 
a,  regard  to  economy  sud  to  a  competent  supply  of  water  daring  the  dry  aeaBon  forbid- 
However,  the  transverse  section,  as  jnat  proposed,  may  be  deemed  sufflcieut  to  fulfill 
In  a  satisfactory  manner  the  main  requisite  fur  whicb  it  has  been  intended.  And  ia 
order  to  remove  all  doubt,  let  ua  compare  as  to  amount  of  transportation  the  coDtem- 
piated  Chesapeake  and  Ohio  Canal  with  another  of  the  same  length,  but  whose  ImI:- 
age  would  be  6U0feeli  only,  with  a  transverse  section  of  40  feet  at  the  surface  aud  4fM' 
in  depth. 

The  rate  of  traveling  being  supposed  for  both  two  and  one-half  miles  per  hour,  v^ 
one  minute  allowed  fur  each  foot  of  lockage,  60  feet  will  be,  as  to  time,  equivalent  to 
two  and  one-half  miles,  aud  these  canals  will  then  compare  aa  follows  : 

The  Chesapeake  and  Ohio  Canal  having  3,Kyl  feet  of  luckase  in  a  distance  of  Ibte* 
hundred  and  forty -one  and  three-quarter  miles,  ia  equivaleut,  aa  to  time,  to  a  single 
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level  caDol  of  four  hnndred  and  seventy -three  miles,  whicli  would  roiulre  189  hours  to 
lie  traveled  from  ODeend  to  the  otlif^r. 

The  40-ruot  canal  havioK  600  fi>ut  of  lockage  in  a  distance  uf  three  bnodred  and  forty- 
one  and  a  half  miles,  is  equivalent,  astutime,  to  h  sioffle  level  canal  of  three  hundred  aud 
sixty -seven  miiea,  and  which  would  lie  traveled  iu  14(ihoara  from  one  end  to  the  other. 
But  it  has  heen  shown  that  on  the  first  canal  theamuuntof  trausportation  being  expressed 
by  130,  it  will  be  190  on  the  40-foot  canal~lbe  velocity  and  toiring  potver  remaining 
the  same  in  both  cases.  Cumpariug,  now,  this  mtio  of  i:iO  to  100  with  that  of  the 
time  employed  to  travel  respectivelj  each  oanal,  vix,  IS9  hours  to  146,  it  is  found  that 
tlieae  ratios  are  equal.  Therefore,  on  either  of  these  canals,  and  notwitbstAndJng  a 
difference  of  S,&58  feet  lockage,  an  equal  weight  will  be  transported  during  the  same 
time,  and  with  an  equal  towing  power — a  result  entirely  due  to  a  larger  transverse 
eection  having  been  itssigned  t«  the  caoal  whoae  lockage  is  greater. 

With  a  view  to  angmeut  still  more  the  amount  of  transportation  without  increasing 
the  expense  attending  it,  the  boat  might  have  received  a  length  of  at  least  eight  times 
Its  breadth;  bnt  it  would  have  required  a  length  of  look  of  118  feet,  (betneeu  the 
hollow  quoins,)  which,  on  account  of  the  great  nomher  of  locks,  would  bave  caused 
too  great  an  expense.  The  ueoessity  of  conciliating  economy  with  the  object  to  be 
expected  from  the  work  has,  therefore,  obliged  as  t«  limit  the  length  of  the  boat  to 
seven  times  ite  breadth,  13J  feet — that  is  to  sny,  to  94  feet  about ;  this  length  varying, 
however,  from  90  to  94  feet,  according  to  the  mode  of  constructiug  the  boat  With  a 
draught  of  3  feet,  such  a  boat,  if  rectangular,  would  displace  about  100  tons  weight 
of  n  ater,  or,  on  account  of  deviation  from  this  form,  about  90  tons  only,  it  will  car^  a 
burden  of  60  tons.  Kespecting  the  locks  destined  to  admit  this  boat,  they  must  have 
at  least  102  feet  between  the  lioUow  quoins,  and  14  feet  breadth  iu  the  clear.  In  the 
estimate,  they  are  nearly  all  supposed  to  be  of  S  feet  lift,  though  in  the  framing  of  a  ' 
^nal  plan  they  should  vary  according  to  cousideratious  not  immediately  connected 
with  the  object  of  the  present  report. 

The  sheet  No.  3  exhibitJi  the  plan  and  sections  of  the  lock  upon  nbicb  has  I>een  made 
the  estimate  of  this  article  of  expense.  The  main  walls  are  built  of  common  range- 
work  masonry,  (No.  16 ;)  their  facing  only  is  laid  with  water-liue  cement.  Hewn  stoue 
has  been  used  'exclusively  for  the  hollow  quoins,  mitre-sills,  abutments,  and  recesses 
of  gat*8.  The  blocks  do  no.t  exceed  9  cubic  feet,  (Nos.  'Z!  and  iiS.)  The  botWm  of  the 
chamber  consists  chiefly  of  a  reversed  arch,  built  of  brick,  with  water-line  cement. 

The  estimate  amounts  to  gl3,069.H0.  But  we  must  take  into  consideration  that  a 
number  of  locks  will  have  their  foundation  upon  solid  rook,  and  will  therefore  require 
less  masonry ;  aud  also  that  owing  te  the  necessary  declination,  which,  iu  the  liual 
pliLU,  the  bottom  of  the  canal  will  receive,  the  amount  of  lockage  will  be  less  than  it  is 
iu  this  general  plan.  Under  the.se  impressions,  $l'J,fOO  has  been  deemed  a  fairaverage 
cost  of  a  lock  ou  the  whole  line  of  canal. 

lieepectiug  the  ai|uediicti<,  they  are  to  be  built  of  mai^onry,  and  their  lengths  calcu- 
lated to  alfonl  a  free  pnssnge  to  the  streamH  at  the  time  of  freahets ;  they  are  gener- 
iilly  to  be  connected  with  the  sides  of  the  valley  by  means  of  ouihaukmeuts  carefully 

We  now  pass  to  the  description  of  the  canal. 


MIDDLE  HECTIOH, 

This  sectiOQ  inclniles  the  summit-level,  and  extends  from  Cnmberland  (or  rather  from 
tbe  western  cud  of  the  eastern  section)  to  the  month  of  Castlemau'a  Kiver,  iu  the 
Youghiogheny.  Its  length  is  seventy  miles  1,010  yards ;  but  a  lockage  of  1,9I>1  feet 
and  a  tunnel  of  four  miles  80  yards  long,  under  a  ridge  of  8G6  feet  elevation,  will  make 
tbJs  section  extraordinsrily  expensive. 

This  section  will,  besides,  require  the  erection  of  dams  across  the  valleys  through 
which  it  passes,  and  more  especially  in  the  bod  of  Will's  Creek.  This  stream,  iu  fact, 
affords,  in  summer  and  fall,  a  too  small  supply  of  water  toward  its  sources  to  rely 
nttogeUier  npon  it;  the  summit-level  must  feed,  therefore,  the  upper  portions,  while 
frequent  dams  erected  across  the  valley  will  make  available  the  water  delivered  by 
tbe  stream. 

Tbe  valleys  of  Will's  Creek  and  Castleman's  River  being  formed  of  a  succeBsioa  of 
flata  and  bluC&i,  the  canal  will  often<require  to  he  supported  by  walhi  whni>e  height 
should  place  the  work  out  of  reach  of  the  freshets.  TtieM  freehets  rise  in  Will's  Creek 
from  7  to  10  feet,  and  from  Vi  to  16  feet  in  Castleman's. 

In  planning  this  section,  care  has  been  taken  to  avoid,  as  much  as  practicable,  ex- , 
pensive  aqueducts,  aud  none  is  to  bo  erected  over  Castlemau's  Kiver.    The  caoal  wilt 
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follotr,  conetaDtly,  tbe  ngnt  bI 

an  earlier  oavigation  io  sprin), 

lej  is  BO  narrow  at  Mine  placet,  and  th«  beigbt  <if  tVealieM  s»  iDconHidttralile,  IbM  fa 

cmeaiiiKH  have  been  maile  to  take  advantage  of  tbe  most  favorable  ground,  and  thus 

lessen  the  eipenne.    It  uinal  be  observed  that  tbeae  two  Htrennis  are  nut  navi^lile. 

and  will,  tberefore,  reiinire  no  peculiar  work  tu  accommodate  tbeir  tr^e  aud  aavigi- 

The  pNeciition  of  tbe  tunnel  wil!  be  not  only  very  eipenaive,  bnt  also  long  and  diffi- 
cult; all  tbe  geo1ogii:al  appearances  lead  to  tbe  cooduRion  that  the  eicavHtian  vill 
hava  tu  be  made  through  saiidHtone  rock.  Tbe  estimate  has  beeu  calculated  for  thn« 
diSwent  kiuds  of  gronnd,  hani  clny,  sandstone,  granite,  and  uostratilied  linEMoDt. 
The  hypothesis  of  sandstone  being  admitted  here,  the  estimate  relating  to  this  kind  of 
ground  accompanies  tbe  present  report.  (See  sheet  No.  5.)  The  tunnel  n-jll  reqaiieto 
be  lined  with  niasunry,  experience  having  shonn  that  this  precaatioti  is  iudisjienuJitt- 
Brick  niasonry  has  b<^u  adopted  in  the  estimate  as  the  most  convenient  to  fiilUll  ibc 
object.  Tbe  dimensions  of  the  interior  of  the  tunnel  are,  2i  feet  in  width,  7  feet  Dndtr 
the  water-line  and  16^  feet  above  the  same  line,  which  fonii  :J3)  ftet  f^'om  the  bottom 
to  the  top  of  the  arcb.  The  tow-path  is  4  feet  wide.  Tbe  shafts  destined  to  facilitalr 
tbe  excavation, aud  to  air  tbe  tnnn el,  are  proposed  to  be  sunk  IW  yards  apart  fnm 
center  to  center.  Their  diameter  will  be  6  feet  within  the  lining  of  brick  masoDrj:.  A 
j^terj, lateral  and  parallel  to  tbe  tnnnel, corresponds  with  the  ebafta.  This  gaUrry, 
or  heading,  is  deHtiued  to  drain  the  tnnnel  during  its  excavation;  lis  width  is!)  fm. 
and  its  height  fi^  feet;  it  is  lined  with  brick  masonry,  and commnnicates  with  tbe  Iid- 
nel  by  meacis  of  arcades  or  side- headings,  which  correspond  to  the  poiuts  at  whicli  iIk 
ehans  terminate  into  the  beading.  The  sheet  No,  4,  lierewltb  annexed,  exhibits  lU 
the  draughts  relating  to  this  tnnnel,  and  to  the  deep  cuts  at  its  ends. 

The  deep  cnt  at  tbe  wealern  end  is  1,UG0  yards  long;  that  at  the  eastern,  140  yards: 
each  opens  into  a  basin  having  (M)  yanls  in  length  and  04  yarcls  in  width.  The  luDntl. 
the  deep  cnts,  and  the  basins,  form  together  tbe  snmmlt-level,  whose  length  will  be  J 
miles  1,*2H0  yards;  a  lock  is  located  at  each  end,  and  where  each  basin  terminates. 

Lot  US  now  examine  tbe  resources  upon  which  we  can  rely  to  supply  with  water 
this  summit-level,  and  the  portions  of  canal  contiguous  to  it.  Tbe  stream  npon  vbiili 
we  have  chietly  to  depend  is  Castlemau's;  it  yielded  in  1^25  and  l^'iCi  tbe  fullanlD; 
lesnlts: 

June  2\,  IfSTi,  at  Plencher's  farm,  per  second 1' 

July  10,  IrtiTi,  Im'Iuw  Flangherly'B  Ureek > 

Julyl-J,  l«!r>.atilNmnlith A i(' 

March-Jl,  Ir^^.at  Plencher's  farm :'• 

March  27,  IfWti,  Mow  Klaugherty's  Creek TK; 

March  '21,  l<J2t>,  at  Forney's  mill-dam . ii^ 

We  have  admitted,  in  the  former  part  of  tbe  present  report,  IS  cnbic  feet  per  wconl 
as  the  minimum  of  water  yielded  by  Castlemau's  River;  aud  we  have  also  pointed  oni 
two  reservoirs,  one  at  Pleiicbor's  farm  aud  tbe  other  at  Forney's  mill,  conlaiuicit 
together  2-,i,U0O,0OU  cubic  yards.  These  are  the  resources  atforded  by  the  localities  i« 
fe^  the  summit-level  and  supply  ita  lockage  aud  uUo  portions  of  canal  contiguous  lo 
tbe  Bummit-level. 

The  reservoirs  are  to  be  filled  in  winter,  during  the  iotormptionof  the  navigation— 
an  interruption  which,  considering  tbe  elevation  of  tbe  summit'level  above  tbe  ocetu, 
1,903  (T)  feet,  cannot  be  suppoeed  less  than  four  months,  viz.:  froui  tbe  Ist  of  Deom- 
ber  to  the  1st  of  April.  By  adopting  9ij  cubic  feet  per  second  as  the  mean  saprl.' 
afforded  in  winter  by  Castlemau's  River,  at  Plencher's  farm,  we  find  that  in  lesslhao 
seventy-two  days  both  reservoirs  would  be  filled  up. 

However,  to  remove  any  doubt  on  tbe  subject,  we  will  take  an  area  of  Ihirtj-sii 
square  miles  of  gronnd  whose  rain-water  supplies  Castlemau's  River,  and  make  a  wm- 
putatiou  of  what  such  an  area  would  yield;  we  will  suppose  it  to  be  formed  of  Inn 
strips  of  land,  each  of  eighteen  miles  long  and  one  mile  wide,  and  stretching  alaug  tbt^ 
banks  of  Ciiaielman's  River  above  Forney's  mill. 

From  observations  made  from  1H17  to  l&H,  iucluHively.  by  Mr.  Lewis  Brantz.  in  tl»' 
viciuity  of  Baltimore,  we  hove  the  following  results :  In  the  course  of  these  eigl>' 
years  there  fell,  on  a  mean  average,  yearly,  311.^9  Inches  of  rain;  in  1&J2  there  full  ti' 
smallest  quantity,  which  was  '^.'M  inches ;  the  greatest  quantity  fell  in  Ic'lT— '' 
amounted  tu  48.55  inches. 

Adopting  these  data  for  the  country  round  the  simimit  level,  and  natog  only  Ih' 
results  of  the  year  18-22,  wu  tiud  that  the  raiu  which  fell  in  tbe  three  first  and'tlirr' 
last  mouths  of  said  year  amounted  to  1G.70  inches,  aud  fur  the  six  other  months  to  1-: 
iuches. 

These  16.70  inches  are  equivalent  per  sijuare-yanl  surface  to 0.*>' 

Tbe  I'ii  inches  are  cc[nivaloot  per  square  yard  surface  to 0.*'" 

Tbe  whole,  or  211.'^  inches,  are  equivalent  per  square-yard  snrfitce  to I'.^l'' 
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Applying  now  these  Inst  rmnlts  tn  the  aroa  of  thirty -six  aqnare  miles  above  men- 
tioned, we  fiud  that  they  will  receive  at  the  miiiimniu : 

Coble  yards. 

DnriiiR  the  fall  and  winter 51, 630, 796.  BO 

DiiHdk  the  spring  and  Hnmnn:r :tri,  6!)r>,  «19, 30 

The  whole  jtur  round 90, 321!,  Olfi.  OO 

From  which  it  will  be  seen,  first,  tbnt  the  two-tbinia  of  the  tiret  qaoDtitf,  or 
•14,420,531  V^  vnhic  yards,  would  be  abont  one-third  more  than  will  be  necessary  to  fill 
up  the  reaiTvoirti  iu  fonr  months ;  second,  that  44  cubic  feet  [ler  second  ivoald  mako 
ll|),  duriii};  si:c  months,  the  two-thirds  of  the  xeconil  rjuantily,  and  mi);bt,  therefore,  be 
(lecmeil  the  mean  discliargo  per  second  of  Castlemau's  River  during  sprinj^  and  sum- 
mer, instead  of  18  cubic  twt,  aasiiniHd  in  the  present  report;  third,  that  this  snrplns 
will  partly  replenish  the  reservoirs  during  the  time  of  navigation. 

If  to  these  considerations  we  add  that,  instead  of  thirty-six  atjnare  miles,  we  might 
easily  bave  taken  double,  we  may  conclude  that,  the  filtrations  and  evaporations  of 
rain-water  being  taken  into  the  most  liberal  acconiit,  the  portion  of  CaBtleman's 
Valley  above  Forney's  mill  will  convey  to  the  bed  of  this  river  more  water  than  we 
have  admitted  ;  we  believe,  therefore,  that  the  minimum  supply  of  the  summit-level 
will  consist  of,  first>  a  reservoir  of  {{'2,000,000  cubic  yai'ds;  second,  18  cubic  feet  per 
second  of  running  water.  And,  since  Ibe  navigation  is  supposed  to  be  opened  during 
eJKlit  months,  the  motilbly  resources  will  be  2,7.^0,000  cubic  yards  from  the  reservoirs, 
1.72d,000  Cubic  yards  from  the  river  itself;  total,  4,478,000  cubic  yards  per  month. 
Let  OS  see  now  how  the  use  of  this  monthly  supply  will  be  regulated.  Taking  into 
consideration  the  unavoidable  delays  at  the  end  of  the  summit-level,  the  impedimenta 
at  (be.  ileboucbea  of  the  tnnnel  and  through  the  deep  cute,  and.  finally,  the  greater 
reAistauce  the  boats  will  meet  through  the  tunnel,  we  cannot  suppose  less  than  '.i  hours 
and  25  miuntei  for  a  boat  to  pass  from  one  end  of  the  summit-level  to  theother,which 
comes  to  one  and  two-thirds  miles  per  hour.  But  the  pass^e  is  to  be  effected  iu  Seela 
or  trains,  on  account  of  economy  both  of  time  and  water ;  and  we  adopt  thirty  boats 
for  each  train — a  number  which  in  the  present  case  seems  to  us  favorable  to  combine 
the  time  of  passage  with  the  supply  of  wat«r  duriug  the  same  time.  These  thirty 
boats,  moviug  in  train,  will  meet  with  more  delay  tlian  would  a  single  boat,  and  instead 
of  •)  boars  and  05  minntea,  as  before  stated,  we  assign  4  hours  to  the  train  to  pass  ftom 
one  end  to  the  other  of  the  snmui  it-lev  el. 

We  suppose,  also,  that  a  fleet  of  thirty  boats,  descending  the  eastern  lock  of  the  sum- 
mit-level, and  (through  the  same  lock)  passing  an  ascending  fieet  of  the  same  nunit>er 
of  boats,  will  etfectttate  this  cross-passage  in  eight  hours,  under  the  plausible  supposi- 
tion that  16  minutes  will  be  reijnired  for  the  cross-passage  of  a  tHiat  ascending  and  one 
descending.  A  similar  cross-passage  is  supposed  to  take  place  at  the  western  lock  of 
tbe  snmmit-level,  and  at  tl>e  same  time. 

Now,  a  first  fleet  leaving  the  eastern  lock  will  arrive  four  hours  afterward  at  the 
western  lock,  and  meet  there  a  fliwt  coming  from  the  west,  and  reutly  to  priiceeil  east- 
ward. This  second  fleet  wiU  reach  in  four  hours  the  eastern  lock,  and  find  ihere  a  third 
fleet,  having  ascended  the  b>ck  during  the  passage  of  the  first  and  second  fleets.  This 
tliinl  fleet  will  proceed  westward,  and  arrive  tour  hours  after  at  the  westuri)  lock, 
where  it  will  find  a  fourth  fleet,  having  ascended  the  lock  during  the  passage  of  the 
second  and  third  fleets.  Lastly,  this  fourth  fleet  will  move  eastwani  and  reitcb  in  four 
boars  the  eastern  lock,  meeting  there  with  a  fleet  from  the  east,  having  ascended  the 
eastern  lock  during  the  passage  of  the  third  and  fourth  fleets. 

The  passages  of  these  four  fleets,  forming  together  120  boats,  and  requiring  four  honra 
each,  may  be  considered,  as  will  be  seen  just  now,  the  maximum  of  trade  wliich  the 
supply  of  water  can  admit.  At  this  rate  of  120  boats  a  day,  3,600  might  pass  per 
month,  and  '28,800  dnring  the  eight  months  of  ojm'U  navigation. 

Let  us  now  compute  the  expanse  of  water  which  the  lockage  of  these  boats  will  re- 
quire. Admitting,  as  in  fact  will  be  the  case,  that,  at  each  lock,  one  asi'ending  boat 
alternates  with  a  descending  one,  each  boat  will  draw,  from  the  snmulit-level,  but  one 
luckful,  viz.,  half  a  luckful  at  each  end.  However,  in  order  to  provide  for  ooutingenciea 
»iid  nnforeseen  cases,  we  adopt  one  lockful  and  a  half  for  tlio  pa.isage  of  each  boat 
through  the  summit-level.  One  lockful  and  a  half  containing  l>2:)  cubic  yards,  the 
3,600  boats  passing  during  one  month  will  require  2,S42,xOO  cniiic  yarilsof  vater.  which, 
bluing  taken  out  of  the  monthly  supply,  amounting  to  4,47H,IK)0  cubic  yards,  will  leave 
iJ,2:t5.'2O0  cubic  yards.  This  Inst  quantity  is  destined  to  feed  the  canal  itself,  exclusive 
of  lockage,  on  a  length  of  18  miles  and  at  a  rate  of  120,000  cubic  yards  per  mile  and 
per  month. absorption,  filtration,  and  evaporation  being  taken  into  w:ciiunt.  These 
eif^bteeu  miles  comprehend  the  summit-level,  a  portion  of  sis  miles  iu  Will's  Creek,  anil 
a  (timilar  of  also  six  miles  in  Castletuan's  Valley.  The  remainder  of  ibe  canal  down 
Will's  Creek  will  be  supplied  by  this  stream,  while  Castlemau's  River  will  feed  the  ra- 
mainder  of  the  canal  descending  its  valley.  ,  -.  r 

N-io  i.Coogle 
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Tb«estima((.-d  cost  of  the  aiiiiiDiiMevel,  just  described,  is  aa  follow  a : 
Thd  tnnnel— 

Shafts 8-233,Cai!6 

Heading 3«t,»J4i« 

Side  hi'sding 7,7WS 

Tiintiel ; 2,495,24C  f'l 

Draiuiug    159,«Sllu 

Total  cost  of  tiiDuel 3,278,9B4  la 

Tlieejwtem  basin  26.741  14 

The  eautLTii  detp-ciit ie,733l«> 

The  WHBturo  dee|i-cilt 141, WOT! 

The  westera  basin 5,6W«) 

Total  (HtiiiiBt«  of  the  Bnnamit-level 3,471,967  01 

The  details  relating  to  the  estimate  of  tie  tunnel  are  exhlbit«(]  in  tlie  dheet  No.  5, 
Buuesed  to  this  repoit.  As  to  the  basins  auil  (leei>cut«,  their  detailed  estimalns  havp 
lieen  carried  into  those  beloujfiiiK  to  the  eastern  and  western  portions  of  Ibis  xaMle 
section.  We  shall  now  present  sure essively  the  de^ription  of  these  portions ;  the 
pnstern,  commi-uuinR  at  the  eastern  end  of  the  sninmit-level  and  temnnating  belo" 
Cuniberlaud  ;  the  western, beKiiining  at  the  western  end  of  tlie  sit  mm  it-level,  and 
debouching  into  the  Yougblogheuy  below  the  month  of  Castleniao'ii  River. 


SuMivitUm  1. — From  the  eastern  end  of  the  summit-level  to  the  mouth  of  Little  Will'i 

DislancB,  15  miles 460  yards;  descent,  1,016  feet;  127  locks. 

The  canal  follows  for  Si  miles  the  Ifift  side  of  the  valley  of  Will's  Creek  ;  it  tlen 
crosses  the  stream  to  descend  for  two  miles  alone  the  right  bank  ;  crossing  again  thti 
creek  it  remains  on  the  left  side  as  far  down  as  tbe  fourteenth  mile  ;  it  then  crosses  * 
third  time,  to  follow  the  light  side  of  the  valley  as  far  down  as  opposite  the  muath  ot 
Little  Will's  Creek. 

The  considerable  descent  in  so  short  a  distance,  the  contracted  breadth  of  the  rai- 
led, the  steepness  of  its  sides,  the  great  qnantity  of  excavation  in  rocky  gronnd,  vi'll 
concur  togetiier  to  render  this  subdivision  very  expensive  in  proportion  to  its  eitecl- 

Tbii  distance  betweun  the  heads  of  two  consecutive  locks  will  not  be  leas  than  W 
jards.  The  first  six  miles  will  he  fed,  as  stated  before,  by  the  summit-level ;  the  le- 
maindcr  will  be  supplied  hy  Will's  Creek.    To  that  eifeet  dams,  ereoted  at  auilable 

E laces,  will  afiord  the  means  of  taking  into  the  canal  not  only  the  waters  of  the  eleei. 
ut  also  thoae  of  its  tributaries. 

The  estimate  of  this  subdivision  amounts  to  (the  eastern  baain  and  deep-cut  ei- 
oloded)  $2,300,859.28. 

Sabdiriiion  2, — From  the  mouth  of  Little  Will's  Creek  Ut  the  western  end  of  the  eut- 
eru  section,  below  Cumberland : 

Dist«nco,  13)  miles;  descent,  309  feet;  39  locks.  From  the  summit-level,  t  wen  If - 
nine  miles  240  yards;  descent,  1,H25  feet;  166  locks. 

At  the  commencement  of  this  subdivision  the  line  of  oaoal  takes  a  sudden  cbmi^ 
of  direction  from  nearly  east  and  west  to  almost  north  and  south.  The  valle;  slw 
changesits  character,  becoming  broader,  more  level,  and  less  rapid  in  ilitf  descent 

The  canal  continues  for  ten  and  one-half  miles  on  the  right  bank  of  the  stream,  p>s^ 
ing  alternately  along  steep  and  rocky  bill-sides  and  through  meadow-land,  hut  e'co 
in  the  latter  requiring  a  large  qnantily  of  excavation  of  rock.  It,  then  passes  or«c  lo 
the  left  hank,  and  conttnnes  for  more  than  half  a  mile  oa  favomble  ground,  when  it 
enters  the  defile  formed,  by  the  breaking  of  Will's  Creak  through  the  mountain  of  the 

The  difllGalties  of  this  passage  are  great,  and  continue  for  more  than  a  mile.  Tb« 
ground  then  becomes  favorable,  permitting  the  canal  to  pass  at  the  outukima  of  Cum- 
berland, to  join  with  the  easlern  section. 

Provision  is  made  for  taking  in  a  supply  of  water  immediat''ly  b.-low  the  jnncti™ 
of  Great  and  Little  Will's  Creeks,  and  also  at  several  points  lielow.  Adjoining  Cani- 
berland,  thn  canal  will  receive  a  feeder  from  the  Potomac  for  a  supply  bolow.  and 
more  especially  to  complete  what  is  necessary  in  relation  to  the  first  subdivisiou  of  tlM 

This  feeder  is  proponed  to  be  made  navigable,  in  order  to  accommodate  the  trails  »< 
the  Potomac  above  Cumberland.  Its  length  is  one  mile;  its  width,  at  the  vaxn- 
I'ne,  ;iO  feet ;  its  depth,  4  feet.  At  its  point  of  departure  from  the  Fot4>mav  a  basin 
]•■  formed  iu  the  bed  of  Uie  river,  by  means  of  a  dam  erected  at  the  first  ledge  above- 
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Ctiiiib^rlanil.  This  basin,  catDpreUen^itig  no  extoiit  of  abnut  eiftbt  miles,  will  ftffijril  a 
constaul  Hupnly  of  wat*r,  ami  alao  Bccomiimrtate  Hie  coal-trade  of  the  Potomac.  The 
levetia  aroiiiiil  tlic  baitiii,  tbe  (lam,  thu  giiarU-lock  of  the  feeder,  the  funder  aad  ita  aqne~ 
duct  over  Will's  Creek,  are  included  in  the  estimate  of  this  snbdiTiition. 

A  basin  in  contempbited  at  Cumberland,  aod  adapted  to  the  probable  wants  of  the 
place;  it  will  he  proviiled  with  locks  to  oummnnicnte  with  the  Potomac. 

The  estimate  of  this  Hiilidivision  amounts  tu  il,5^K>,7Gi.'M,  The  estimate  of  the  east- 
ern iKirtiuD  amounts  tu  ii^,S5Sifia.60. 

WRSTKHK    POimON. 

SiibditiMon  1. — From  the  western  end  of  the  summit-level  to  the  mouth  of  Middle 
Ftirk  Creek ; 

Distance,  IG^  miles;  descent,  2ir>  feet;  37  locks. 

This  subdivision  commences  at  the  we^iern  end  of  the  basin  formed  in  the  valley  of 
Planghert.v's  Creek,  and  inti>  which  is  introduced  the  feeder  from  the  reservoirs  tu  the 
valley  of  Casselmau's.  Having  already  st-ated  all  the  details  relating  to  this  append- 
age of  the  sammit-level,  we  hud  ouraulvee  dispensed  frooi  euteriiig  into  further  ox pla- 
nalion  upon  the  subject. 

The  oanai  for  thid  subdivinian  is  ou  the  right  bank  of  Casselman's  River.  On  this 
ditttance,  althoa^h  no  very  foruiidable  difficulties  are  presented,  yet  the  amount  of 
excavation  of  rock,  as  also  the  gre^t  quantity  of  wallinK-  will  render  the  work  very 
expensive.  The  lirst  six  miles  are  to  be  fwl  by  the  summit- level,  as  it  has  been  stated; 
as  to  the  remainder,  provision  has  been  made,  at  several  places.for  taking  from  Cas- 
Bttlmau's  River  additional  supplies. 

It  is  to  be  oljserved  that  this  upper  subdivision  of  Casselmau's  River  has  a  descent 
lettB   rapid  ttian  that  of  the  lower;   the  reverse  takes  place  in  the  valley  of  Will's 

The  estimate  of  this  subdivision  amounts  to  (the  western  basin  and  deep  cut  ex- 
cluded,) $1,340,215.32. 

Sabdicinon  2. — From  the  mouth  of  Middle  Fork  Creek  to  the  month  of  Caaselman's 
Biver: 

Distance,  19  miles  1,030  yards;  descent,  420  feet;  53  locks.  From  the  western  end 
of  the  snmniitrlevel,  35  miles  l,£jiO  yards  ;  desceut,  6:S6  feet;  SO  looks. 

This  subdivision  keeps  on  the  right  bank  of  Casselmau's  Kiver,  as  far  down  as  440 
yards  below  its  mouth.  The  nature  of  the  grouud  through  which  it  psdses  resembles 
that  of  the  subdivision  above,  except  in  the  vicinity  of  the  Youghiogheny,  when  it 
beciimes  much  more  favorable,  olFering  more  earth  and  less  rook  for  excavation  than 
above.  Occasional  resorts  to  the  stream  will  secure  to  the  canal  a  competent  supply 
of  wat«r.  And  at  the  end  of  this  subdivision,  two  feeders,  one  from  Casselmau's  Biver 
aud  the  other  fl^om  Laurel  Hill  Run,  are  introduced  for  tbe  supply  of  th«  section  de- 
ae«ndiDc  the  valley  uf  the  Youghiogheny. 

Acooming  to  tbe  it ocnm en t«  hereto  annexed,  the  extimate  of  this  subdivision  amonuts 
to  $1,459,316.93.    And  tbe  estimate  of  the  western  portion  amounts  to  22,(i9!),532.25. 

We  close  the  description  of  tbe  present  middle  sectiou  by  offering  the  following  sum- 
mary uf  the  main  facts  relating  to  it: 


DUtBaocB. 

AMeDtand 

Number 

E« 

XOa.  rd.. 

5     1.280 
35     1,250 

Fat 

i.3ia 

•3,  858,  SB  80 

T  tal 

TOI,OIU 

IROSS,  13S  M 

' 

WESTEIIN  SECTION. 

ThiH  section  commences  4*0  yards  below  the  Junction  of  Casselmau's  Eiver  with  the 
Yoiigbiogheny ;  it  follows  the  right  side  of  the  valley  to  the  MuuoDgabela,  and  heuce 
to  Pittaburg,  along  the  right  hank  of  tliis  stream. 

The  ground  on  the  left  of  the  Yonghiogheny  is  nearly  of  the  same  kind  as  that  on  tbe 
ri^bt ;  the  distance  and  desceut  the  same  for  either  bank ;  however,  the  right  bank 
(IcHurvee  the  preference  on  aucnunt  of  exposure,  and  of  its  receiving  the  main  tribnta- 


ioH  of  the  stream ;  it  will  not  require,  across  the  Yonghiogheny,  two  aqueducts,  which 
-vrould  otherwise  boooiae  indispensable,  should  tbe  canal  follow  the  left  side  of  the 
vaUey.  r        .  i    C  .0<>'-;IC 
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This  section  nill  be  anpplied  with  water  bj  the  Voiigbiogbenr  and  its  tribatarirs;  mil 
since  the  eastern  end  must  rely  ohieHy  npon  the  Ynii);liiOKlica.v.  Casselinau's  Kiver,  »nd 
laurel  Hill  Kiin,  we  will  limt  pretwut  the  reHUlM  uf  the  gauging  of  Ihe  streams,  mult 
in  1825  and  lt^26,  duriug  the  inuuth  of  July : 

Casselman's  at  its  montb,  Jnlv  20,  1^25,  per  second W 

Laurel  Hill  K«u  nt  ils  mouth,  July  MO,  ilW5 7 

Yonghiogbeny  Hi  vtir,  above  th»  mnutb  of  Cassel man's,  July  21,  11^ TO 

Cubic  feet  per  second 11" 

Casjelniau's  at  its  moutb,  July  20,  1P26,  per  stcoud W 

I^iiurel  Hill  at  ilB  mouth,  Joly  211,  l*i(),  i>er  Hueoiid W 

Yougbiuglieiiy  Rivur,  above  the  mouth  of  Cttawloian's,  July  20,  lS-i6 V4 

Cubic  feet  per  sccoud , 176 

These  results,  though  obtained  at  a  time  of  low-water,  yet  caunot  be  deemed  istht 
niioiiua  of  what  these  streams  cati  altoi'd  ;  when  measured  they  were  Dot  at  tlirir 
lowest  stage.  Tberefore,  we  aasnme  but  TO  cubic  feet  per  secoud  as  the  niininiuni  of 
water  yielded  by  these  three  slreams  taken  together,  at  the  driest  epoch  of  tbe  yenr. 

The  Vougbiogheny  gauged  at  other  points  has  given,  in  1H25,  the  followiuf;  resnlts: 

July  2^,  at  tbe  Ohiopyle  Falls,  per  second.  155  cubic  feet  reduced  t«  100  enbic  feci. 

August  2,  at  Counellsvjlle,  per  second,  129  cubic  feet  reduced  to  lUO  cnliiu  feet. 

September  2,  at  its  mouth,  per  second,  2C0  cubic  feet  reducud  to  150  cubic  feet. 

The  stream,  though  very  low  when  lueaeured,  was  not,  however,  at  it-s  lowest  slsie; 
but  the  scusoD  was  uncommouly  dry,  aud  the  above  reductious  may  be  cunsidend  u 

To  these  resouTcee  of  ruuuiug  water  we  must  add  the  following  reservoire : 

Cnbic  TVJL 

Indian  Creek 210,370 

Hountz's  Creek 3aS,M 

Jacob's  Creek sai,*" 

Big  Sewickly  Creek 1,750,  IKI 

Dunbar 214,4ftt 

8,85&.:M 

To  which  may  be  added  (he  reservoirs  which  might  be  formed  in  CoAselman's  Bivec 
»ud  Laurel  Hill  Kun  Vulleys. 

We  must  remark  that  the  feeders  from  all  these  reservoirs  will  be  very  short,  tb«ir 
length  varying  from  half  a  mile  to  four  miles  uul.v. 

Having  pointed  oat  tliu  nieaus  upon  which  we  have  ftill  reliance  to  feed  this  »«itinn 
«f  canal,  we  shall  show  their  diattibuUon  at  tbe  same  time  as  we  describe  the  snccea- 
eive  snbdivislous  of  said  sections. 

Subdiviiien  1.— FroDi  the  western  end  of  Ihe  middle  seotion  to  ConnellsTille : 

Distance,  twenty-seven  and  one-half  milve ;  <lescent,  433  feet ;  M  locks. 

This  subdivision  begins  about  one-quurter  of  a  mile  below  tbe  mouth  of  CMseloiin's 
River.  Tbe  bottom  of  the  canal  is  plnced  hero  4  fei't  above  the  level  of  low-wnW  in 
Casselmaii's  River,  in  order  to  afford  the  ttrcatest  advantage  in  taking  a  feeder  Inua 
this  stream,  and  also  in  using  the  most  favorable  ground  beli>w. 

In  the  oonrse  of  the  first  three  miles  the  grouud  becomes  gradually  more  difficnlt 
nntil  it  assumes  tbe  rocky  aud  steep  appearance  which  is  so  peculiarly  the  character 
of  the  Yonghiogbeiiy  in  so  many  parts  of  its  upper  course.  To  this  difflcultj  of  Itp 
ground  must  be  added  thoae  nhsiiig  from  the  necessity  of  keeping  the  canal  above  thr 
freuhets,  whose  elevation  varies  from  13  to  16  feet. 

The  ground  continues  uufavorabld  as  far  down  as  tbe  old  salt-works,  seven  nilo 
ftom  tbe  beginning  of  this  subdivision,  where  the  line  pursues,  for  a  short  diattniiv. 
some  favorable  ground ;  but  it  becomes  almost  immediately  thrown  npon  a  sterji  Ijiil- 
nide  covered  with  loose  rocks,  aud  which  coutiuues  for  three  miles  further  to  Obiopjli^ 
Falls. 

These  falls  fonn  one  of  the  most  reoiarkable  features  of  the  Youghiogheny,  and  an 
formed  by  the  river  breaking  through  (he  n>cky  base  of  the  ridge  of  Laurel  Hill.  Tbr 
difficulty  it  bos  found  in  forcing  this  ol>Mtacle  is  plainly  iudicati^d  by  the  sudden  brut! 
which  the  river  here  makes  and  the  rough  appe;irance  of  the  cbannol  it  has  carved  nnt. 
It  is  must  fortunate  that  the  line  of  canal  can,  by  means  of  a  moderate  cnl,  283  >an]9 
long  and  IBj  feet  deep,  avoid  pumuing  tbe  bank  of  this  rugged  channel.  Tbisdeepcut 
across  the  neck  of  the  bend  of  the  river  has,  b<'Bides,  the  advautage  of  shorteniag  tb' 
line  by  one  mile  and  a  half. 

A  feeder  is  proposed  to  be  taken  from  tbe  river  a  little  above  the  falls,  for  which  tl» 
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localities  are  very  ravntable;  but  the  line  nf  canal,  bypnTsaingtbe  most  advauta^ceons 
KToaud,  baa  t«  descend,  nitbin  the  short  distance  of  one  mile,  96  feet;  which  circnm- 
stance  will  oblige  to  locate  the  looks  too  near  to  each  otbar  for  pcesentiug  pouds  of 
enificient  extent  between  them.  SBveral  pUos  sviRgested  themsBlvas  to  obviat«  this 
incnDvenience :  first,  to  have  the  interveninj;  ponds  suSicieDtly  wiile  to  odiuit  the  eoaj 
{lansaKC  of  two  boats  at  once,  and  to  supply  these  ponds  and  the  locks  by  means  of  a 
waste-waj  parallel  to  their  course;  second,  to  have  lateral  ruscrvuira  to  receive  the 
coDtentsofailjoining  locks,  and  to  transmit  it  respectively  to  tbc  second  lock  below; 
third,  to  make  the  ponds  liable  to  have  the  level  of  their  waters  varied  from  2  to  3  feet, 
and  tbna  makitit;  tliem  petform  the  fuuotious  of  locke.  A  close  anamination,  when  lo- 
cating the  line,  will  determine  which  of  these  meaue  deserves  the  preference.  The  two 
tirst  will  oanae  a^eater  consiimptiou  of  water  than  nsual,  bnt  as  a  feeder  in  to  be  im- 
mediately introduced  above  for  tho  purpose  of  BopplyinR  the  neit  level  balow,  this  con- 
sumption is  not,  in  this  case,  to  be  taken  into  coosiderHtion. 

Below  tho  Oliiopyie  Falls  the  ground  continnes  difHcult  for  alxmt  nine  miles  to  In- 
dian Creek.  On  this  distance  the  canal  is  mostly  to  be  carried  alunK  a  steep  bank,  in 
part  supported  by  walls,  and  excavated  through  rock.  The  descent  is  also  rapid,  being 
about  mil  feet,  and  refluiring'iO  locks.  Indiau  Creek  is  to  be  crossed  by  an  aqneduct ; 
it  will  afford  a  valuable  supply  of  water,  for  securing  wLich  a  feeder  and  reservoir  are 

The  gfcnnd  from  Indian  Creek  to  Connellsville,  seven  miles,  is  stilldifflcult,  bnt  more 
varied  in  its  character  than  above;  it  will  necessitate  alternately  steep  bill-side  cut- 
ting, much  of  which  is  rock,  aud  some  expeusive  walling,  interspersed  with  liome 
pieces  of  moderate  catting. 

A  basiu  is  proposed  at  Connellsville,  on  the  level  of  the  canal,  for  tbe  accommoda- 
tion of  tbe  trade  of  this  place  ;  its  communication  with  the  river  is  established  by 
means  of  locks. 

This  snbdivision  is  supplied  with  water  by  the  Yougbiogheny  above  the  month  of 
Caseelman's  Eiver,  by  Casselman's  River  and  Laurel  Hill  Run,  it  the  Obiopyle  Falls 
it  receives  a  new  supply  fmin  the  Yonghiogheny  ;  at  Indiuo  Creek  it  will  also,  wiiea 
necessary,  receive  a  supply  fl-om  the  reservoir  formed  above  tlie  mouth  of  this  creek. 
from  the  detailed  estimate,  hereto  anuexed,  the  estimated  cost  of  tliis  snbdi vision 
amounts  to  $1,515,436.59. 

.Siibdiruioa  2. — From  Connellsville  to  Sewickiy  Creek  : 

Distance,  twenty-seven  aud  one-fourth  miles  ;  descent.  H4  feet ;  It^  locks.  FroTi 
tbe  l>eginniDgof  tbe  section,  Hfty-four  aud  three-funrtbs  miles  ;  descent,  57ti  feet ;  72 
l,*ks. 

Kcfore  arriving  at  Connellsville  the  line  may  he  said  to  have  completely  passed  tba 
rnnfre  of  the  western  ridges,  and  the  face  of  the  country  undergoes  an  entire  change. 
The  banks  of  the  river,  however,  donot  so  suddenly  lose  the  cliaracter  they  bear  aliove, 
but  it  continnes  to  ofTer  a  succession  bf  similar,  though'gradually  decreasing,  difficul- 
ties for  some  distance  below.  This  subdivision  will,  therefore,  like  the  portion  above 
Connellsville,  require,  for  almost  its  whole  distance,  steep  side-cutting  aud  walling 
altprnately ;  it  will,  consequently,  be  expensive. 

Mountz's  Creek,  one,  mile,  and  Jacob's  Creek,  seventeen  miles,  below  Connellsville, 
n-ill  afford  a  valuable  supply  of  water  for  this  subdivision;  but  a  resort  to  the  river  is 
Htill  considered  Decessary,  and  provision  is  made  to  elfect  this  a  little  below  Mountz's 

The  two  creeks  herenbove  mentioned  are  to  be  crossed  by  aqneducts,  which,  owing 
to  tbe  great  breadth  of  the  valleys,  will  require,  at  their  ends,  considerable  embank- 

The  estimated  rost  nf  this  subdivision  amounts  to  $  I. SIHi.  425.95. 

SubdiriiiOK  3, — From  Sewickiy  Creek  to  tbe  mouth  of  the  Yonghiogheny  r 

Distance,  sixteen  and  a  half  uiiles ;  dcsceut,  H  I'eet ;  1  lock.  From  the  begiuning  of 
the  sectioD,  seventy-one  and  a  quarter  miles  ;  descent.  fiXi  feet ;  73  locks. 

This  subdivision  offers  a  larger  portion  of  easy  cnttjng  than  the  preceding,  but  will 
etill  require  a  large  portion  of  side-ontting  and  walls  to  pass  round  tbe  bluffs.  These 
subdivisions  are  numerous,  and  though  none  individually  is  of  great  extent,  yet  tbej 
form  together  a  length  of  several  milm  of  expensive  works. 

As  McKnesport  is  at  the  junction  of  the  Yonghiogheny  and  Monongahela,  a  basin  is 
proposed  there  for  the  accommodation  of  tbe  trade  of  tbe  latl«r  stream. 

The  only  lateral  suitply  of  water  for  this  subdivision  is  from  the  reservoir  alHive 
the  moutb  of  Sewickiy  Creek,  and  it  becomes  necessary  to  resort  to  the  Yonghio- 
){henjy  again  in  order  to  meet  the  deficiency  which  otberwise  would  be  felt  on  the 
Hubdivisiou  to  Pitlsborgh.  To  fulfill  this  object,  a  dam  is  proposed  across  the  Youg- 
biogheny  at  a  favorable  point  three  miles  above  its  mouth.  This  dam  will  require 
Id  oonsidcrable  height,  and  therefore  locks  niust  adjoin  it,  that  tbe  navigation  of  the 
stream  should  not  he  iujured  by  the  works  of  the  caual,  but  rather  be  bonelited  bjr 

The  estimate  of  this  subdivision  amounts  to  $741,46.1,54,  ^         _,^  r^f^riolr' 
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^nMivmuhi  4. — From  the  looutli  of  tlie  YoiiKbio|{huDy  lo  Pittebnrgb : 

DiHtRtice,  foiiTt«HD  mUea  ;  ddecent,  Xi  tevt ;  5  Im^ka.  FraiD  the  beginning  of  ibe  6n- 
tiun,  eigtit.V'tive  and  one-qu&rter  lulles  ;  ilt^itcBcit,  Iil9  feet ;  76  locks. 

This  subdivisioD  in  g^ueTally  located  tUroti^b  fHvurable  (('''■unil;  however,  MDw  «iilu 
excavation  will  Ktill  be  necetiaary,  and  a  dot-]]  cut  near  I'ittnburKli,  of  about  thiec  inile^ 
in  length  and  15  feet  of  average  deiith,  is  iudieiieuHable,  to  avoid  a  liaA  yet  luote  diSi- 
cnlt  and  expeueive. 

This  HubdivisioD  is  almost  entirely  depondniit  on  the  Youghiogbeny  above  UcK^m- 

Sorl;  for  its  supply  of  water ;  the  streaiua  crossed  by  the  caual  alTord  so  little  valer 
uring  the  dry  season  that  no  n-liance  cau  bn  plaenl  npitn  them. 
According  l«  the  documents  hereto  annexed  theestiinal«  of  this  snbdi  vision  inuinDte 
to  $ti(H;,i^91.tiO. 

Sumntarg  of  the  irettern  wclion. 

Distance,  miles ,.. .... >■'■} 

Desceut,  feet ....... . 611' 

Number  of  locks If 

Estiuiste M,170,S£!rK 

Here  ends  tbe  description  of  the  several  sections  of  ttie  Cbesa peaks  and  OliioCiuai, 
and  whose  gpjiprnl  smuTuary  is  as  follows: 


Srctions. 

I>i(ilaDee. 

Atc-ntud 

Nidbw  of 

Amma)  «< 

MIU,.     Yd,. 

Ffft. 
STB 

3M 

Ml      1,450 

'■"" 

m 

S4»A«e' 

Tbe  fiiregoing  description  shows  that  tlie  Chesapeake  Hud  Ohio  Canal  presentsararlr 
all  the  cliaracteristioB  which  coulribiite  to  reuder  a  work  of  (bis  kind  very  expenNVc. 
Tia.  an  extraordinary  amount  of  lockage,  a  long  tiiunel,  passing  uuder  a  very  oluvatnl 
ridge;  walling  nnuBually  fre<|Lieut  alouff  the  whole  line;  extensive  portions  of  Artf 
cnttiug,  excavation  of  rocky  ground  auiT  side-cuttine,  predominating;  from  one  enri  m 
the  canal  to  tbe  other.  Tbe  tunnel  and  lockage  ^one  form  together  four-elevenlbi 
of  the  whole  expense,  and  if.  from  the  total  estimate,  we  take  out  the  tiiuui'l  and  n~ 
duce  the  lockage  to  1,^0  feet,  (which  may  be  deemed  an  unusual  amount  for  Buck  a 
distance,)  the  estimate  would  then  amount  to  feIG,OU(l,U00  ouly,  nutwithstaitdiiiK  the 
other  difficulties  to  be  overcome  and  the  accommodation  of  trade  along  the  valleya  of 
tbel'otumac  and  Youghiogbeuy. 

We  will  also  observe  Ihat  tbe  middle  section  alone,  whose  length  ia  bnt  scveotr 
miles,  or  one-lifth  of  Ibe  whole  length  of  tbe  liue,  will  cost  (according  to  the  eatimntFi 
410,IMKI,IXI0,  or  the  tive-eleveuths  of  the  whole  expense,  while  tbe  eastern  and  v.atlriii 
sections,  whose  lengths  form  tiwether  the  four-lifchs  of  the  whole,  will  eoU  bot 
(12,000,000,  or  tbe  six.eleventlis  ol  tlie  whole  estimate. 

We  consider,  however,  as  fortunate  that  these  two  expensive  .arliclea,  exira  lockv^ 
and  tunnel,  should  be  found  both  located  upon  a  section  which,  after  new  iuvesliK^- 
tions  and  mature  refleclion,  might  prove  to  be  advantageously  sn|>er8edcd  by  a  rail- 
way. Indeed],  the  inexbaustiblii  mines  of  coal  found  in  the  lower  parts  of  tbe  valley-^ 
of  Will's  Crei-k  aud  Caeselnian's  River  seem  to  (loiiit  out  to  us,  as  a  means  to  avoid  tki^ 
expensive  mid<lte  section,  tbe  expe<liency  of  a  railway,  with  either  locomotive-eNgiiKS 
or  stati»nary  steanl-eogiucs,  used  as  lifting- power. 

We  must  also  observe  that  this  section  nill  be  wanted,  but  after  the  completioo  of 
tbe  eastern  and  western  sections,  which  two  last  being  in  Washington  and  I'iiisbur^li. 
within  seventy  miles  of  land  communication,  would  soon  point  out,  by  their  r««ullH. 
what  should  be  tbe  most  ex]>edi«ut  mode  of  connecting  tbem.  Perhaps,  then,  a  sniiwib 
road,  with  an  eany  grmluation,  wonld,  at  first,  be  resorted  to  from  the  inunth  ofCai- 
selmau's  I!ivor  to  Cumberland  ;  or,  should  a  great  amount  of  trade  warrant  it,  a  rail- 
way might  be  atlopted.  In  this  latter  case,  which  we  deem  the  most  )tnib»l)le,  Ite 
revenue  of  tbo  eastern  and  western  sections  would  not  only  otturd  the  usual  iuti<reBl  ut 
tbe  capital  employed  in  their  couHtrnclion,  but  also  have  a  Hurplus  fund  with  whii'lt  a 
railway  might  he  erected. 

Therefore,  we  arc  ilecidedly  of  opinion  that  for  tbe  present  the  expense  relating  1" 
the  eastern  and  weHlern  h<;cI  ions  ought  exclusively  to  be  taken  into  cousideralion ;  tlia! 
tbe  sum  of  about  £12.000,000,  to  be  ex|>endrd  for  their  coustrnction,  will  create  liif 
means  and  aObrd  the  resources  to  procure  to  the  work  tUe  mode  of  coDii>letiun  mni 
adMiuute  to  its  object. 

Our  iiistmctious  being  to  plan  a  canal  from  tide-water  in  tbe  Fotomnc  to  tbe  boul  i>l' 
steanibuat  navigation  in  the  Ohio  River,  we  had  nut  to  take  into  consideration  ellbiT 
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railnajB  oi  any  otiier  snbBtitate  for  tbe  dilScult  and  espensive  eectioaa  of  th«  oaDal ; 
therefore  no  uperations  in  the  &el(l,  no  invegtigotioiis  iu  the  closet,  bave  been  made  in 
relation  to  HQch  au  alternative.  And,  Indeed,  bad  even  oar  inittnicttnua  damanded 
HDch  inquiries,  the  want  of  time  aud  the  timiled  means  at  our  diaposul  would  have 
prevented  na  from  bestowing  npOQ  the  subject  the  full  and  mature  conxidiiratiou  to 
which  it  in  so  deaervedly  entitled.  However,  we  do  not  henitate  auticipating  tliat  a 
railway  from  the  mouth  of  CaHselman's  RLver  to  Cumberland  will  bear,  aa  to  ei:pense 
and  time,  a  favorable  comparison  with  the  middle  section  above  described. 

We  recommend,  therefore,  for  a  canal  from  tide-water  in  the  Potomac  to  the  head  of 
steamboat  navigation  iu  the  Ohio  tbe  rente  and  plan  hereinabove  described  ;  and  we 
nnbmit  respectfully  to  consideration  the  expediency  of  making  the  surveys  and  inves- 
tigalious  necessary  to  ascertain,  as  accurately  as  practicabie,  tbe  comparative  merits 
ofa  railway  and  a  canal  for  the  section  of  route  &om  Cumberland  to  the  moath  of 
Caaaelman's  Hivor. 


Distance  thirty  miles  350  yards ;  descent,  312  feet ;  39  locks. 

Tbe  canal  for  this  sobdivision  remains  on  the  left  bank  of  the  Potomac.  This  plan 
was  adopted  after  an  attentive  consideration  of  tbe  relative  advantaf;es  and  disadvan- 
tages of  pausini;  tbe  river  several  tinies  to  follow  tbe  best  ({round.  Ilut  t«  do  Ibis  such 
frequent  crossings  would  be  necessary,  and  attended  witb  so  many  inconveniences 
and  risks,  that  this  project  was  deemed  the  lean  expedient. 

As  tbe  object  of  this  snbdivision  is  to  attain  tbe  coal-mines  near  Savage  River,  it 
was  cuusidered  whether  this  uiixbt  not  be  attained  by  a  eanal  of  smaller  dimensions 
and  less  perfect  than  the  mainline  below;  the  result  of  which  was  that  the  dimen- 
sions and  plan  of  the  original  canal  were  adhered  to.  For,  firat,  it  was  found,  on  apply- 
ing tbe  calculationa  to  tbe  ({round,  that  a  very  trifling  decrease  of  expense  would  be 
mwle  by  decreasing  materially  the  dimensions  of  tbe  canal',  and,  second,  the  unfavor- 
able character  of  the  river  to  a  lock-and-dam  navigation,  which  was  thought  of  as  a 
substitute,  rendered  this  scheme  almost  as  expensive,  and  much  inferior  in  naefulneas 
to  tbe  independent  canal. 

Tbe  snbdivisioD  begins  by  a  basin  formed  in  the  Potomac  by  a  dam,  immediately 
below  tbe  month  of  Savage  River.    The  line  immediately  enters  on  a  most  difflcnit 

Siiece  of  ground,  which  continues  more  than  half  a  mile  ;  another  half  mile  is  then 
avorable,  after  which  it  continues  difficult  for  three-fourths  of  a  mile,  to  Westernporl. 
It  then  becomes  favorable,  with  the  exception  of  several  small  portions,  to  the  end  of 
the  sovenlh  mile,  when  tbe  great  bend  of  the  river,  opposite  to  Paddy  Town,  canses 
the  ground  to  become  very  nigged  and  dilllcult  for  a  space  of  two  miles.  Below  this, 
for  three  miles,  the  favorable  ground  is  Intersected  by  only  auiall  portions  of  rock  side. 
For  tbe  ensuing  live  miles  the  approach  uf  Fort  Hill  to  the  river  presents  alternately 
eome  easy  ground,  but  a  large  portion  of  very  difQcult  nature,  requiring  much  walling 
and  excavation  of  rock.  Below  this  the  ground  is  favorable  for  three  miles,  through 
Creesap's  meadow,  when  dimenltles  again  occur  for  two  miles.  The  remaining  dis- 
tance to  Cumberland  is  favorable,  with  the  exception  of  three  portions,  which  are  not 
of  very  ^eat  extent,  but  which  will  require  extensive  works.  An  aqueduct  over  Will's 
Creek  will  be  necessary. 

About  eight  miles  above  Cumberland  it  is  proposed  to  place  a  dam  acrom  the  river, 
anil  to  use  its  water  not  only  for  the  supply  of  the  lower  part  of  this  subdiviaiun,  but 
also  of  that  below. 

Bkk.s-ari>, 
ilfmbcr  of  the  ISuard  of  Inlernal  Tmproretittut. 

WM.  TKLI.  POIM.-IN, 

Cajilaiit  Topographiea!  EHgiHeeri,  and  Aniiglant  to  the  Board. 
\V.  Howard, 
Cirif  Engineer,  AasiKltiHt  to  the  Board. 

ABSTRACT  OP  KSTIMATE. 

I,:l36.m8  cDbic  yards  excavation,  (Ir)  to  SU  cents  per  yard) ^339,  441  46 

;-3CW,mi(l  cubic  yards  embankment,  (20  cents  per  yard) 113,«rj7  (iO 

'2lC».9ai  cnbic  yanis  walling,  (§:f,r.O  i>er  yani) Til).  (;r>r.  80 

2  Hqneducta,  (3  arches  and  3  arches) (!6,  aTT  (M> 

41  locks  of  SHJ-foot  lift,  (iiia,llU«each) 41^.000  W 

:t4  culverts 10,aOO  CO 

Vi  lindges 4.a(t0  00 

Puddling ai,7'i2  OO 

P'encing lfi,200  0» 

■2  wust^weirs l,lKiO  00 

Total I,791,9e3  H! 

Or  30J  miles,  at  So9,4:«i  per  mile. 


Ajtpendix  B. 


Homerai-t  Couaty,  in  sonthireat  PennBylrania.  borders  on  !t[arj-land. 

Sttliabiiry  and  Berlin  are  tflwns  iu  its  first  suU^tml -basin  back  of  the  Allejthany 
Uaantaiiin;  tlrsina  and  Confluenae  are  io  next  sub-basiu  weMt  of  Negro  Monntiin; 
LJooniur  Valley  holds  tbe  seeond  bituminous  eoal-buHiu,  and  lies  west  uf  Laurel  Hill. 

Conuellsvilld  and  BlalrsvUle,  west  of  Obtuiltiiit  Ridj;e,  mark  the  east  oat-crop  of  tbc 
third,  fourth,  fifth,  andaixtli  bituniit)ouscoul'baaiu8,eitendiii|;  unbroken  in tu  the  Statu  ' 
of  Ohio. 

Tbe  b»HLn  of  tbe  upper  or  Salisbury  ronls  extends  about  nine  milcM,  from  near  Meyer's 
mills,  at  its  Dortb  end,  to.iuat  over  the  Maryland  line. 

The  lower  coal-lieits,  with  wbi<!b  we  will  have  ivfa  to  do,  H]>reHd  down  from  tbe  top 
of  the  AlleK^any  Moantaiiis  under  the  wbole  of  Sulnemet  County,  excepting  only  the 
siimiuit  of  Negro  Mountuiu  and  tbe  crest  of  Laurel  Hill. 

The  upper  coHl-beds,  which  give  to  Ihe  Salinbury  Basin  its  exceptional  importADCe, 
bave  been  entirely  swept  away  from  the  Hurfai»  of  Siinleraet  County,  excejit  in  two 
placea  :  Ist,  they  remain  in  the  long  narrow  ridge  at  Salisbury  ;  2d,  tboy  remain  io  tbe 
central  part  of  the  FmHtburg  or  Cumberland  Itaaio.  They  raniain  also  in  euteni 
Fayettii  County,  in  one  little  hill-toi)  near  Ligunier;  and  the  PittHburg  bol  has  been 
left  iu  like  manner,  on  Bnmd  Top,  in  lluniiugdou  County,  under  a  lew  acres  at  the 
Bummit  of  tbe  highest  peak  of  that  monnlain.  With  tbcHC  few  exceptions,  tbUbeil 
has  lieeii  washed,  worn,  or  ero<led  from  tlie  wbole  snrface  of  Middle  and  Western  Peon- 
aylvanln,  e-ast  of  a  line  drawn  through  Connellsville and  Blairsville.  Wejstof  tbisline, 
and  sontb  of  tbe  Kisbkamiuilas  and  Ohio  Rivers,  tbe  upjier  or  Pittsburg  coal  seriei 
of  bells  have  wore  or  less  escapeil  erosion,  and  are  spri'4iil  through  western  Fayette  and 
Weslmoreland  Counties,  and  are  mined  everywliei-e  along  the  rivers  which  flow  with 
and  into  tbe  Monongahela.  At  Ursina  and  Confluence  we  have  only  the  lower  cosln. 
At  Coniiellsvillc,  Greensburg,  and  Pittsburg  we  have  tbe  upper  coals,  as  alMiuthe 
Salisbury  Uills;  also  iu  the  center  of  tbe  Cuinl>erland,  George's  Creek,  or  Frosthuis 
mal-I'MHin.  The  "Pittsburg  Bed,"  the  "  Connollgvillo  Ited,"  the  "Irwin  Gas-Coat 
lied,"  the  "  Greenitburg  Great  I)e<l,"  tbe  big  bed  at  Latrolie  and  Sallsburg,  ore  all 
one  and  tbe  same  coal-bed  ;  tbe  same  as  the  lowest  of  the  three  upiier  Salisbury  bnls. 
(aliont  to  be  described,)  the  same  as  the  George's  Urcek  bed  iu  the  middle  of  tbe  "  Cum- 
berland Basin." 

Tliis  is  the  fact  of  first  impnrtanco  in  a  report  on  the  Salisbury  coal-banln. 

The  fact  of  n»xt  importance  is  that  the  coal-bed  above  d<ncri1>ed  becouli^s  thin  aoil 
poor  toward  Pitta)>nrg  and  down  tbe  Ohio,  lint  gi'owH  slowly  anil  stcailily  in  size  ami 
quality  going  enst  alou);  the  Pennsylvania  Railroad.  Boutheaat  along  the  Baltimore 
an<l  I'ittsbnrg  Koilniud,  and  south  up  the  Miiiiimgahela. 


Bi<«t  a  fragment  of  it  at  Meyar'a  mills,  iu  the  i4alisbury  ridge,  we  And  it  from  \i  to  I'l 
fii't  tbii-k.  And  liiialty,  in  the  Cumberland  Ilasin  it  is  17  tevA  thick,  and  evcryboily 
knowH  its  (jnality  there  by  the  annual  couKumptinu  of  from  one  to  two  uiilliouM  of  torn 
in  Baltinmro,  Pliiludelpbia,  New  York,  aiul  Washington,  and  on  coastwise  aud  ocean 
Meanivra.  This  is  the  bed  which  furnishes  almost  all  tbe  eoko  used  at  Pittsburg  and 
the  largi'nt  part  of  tbe  raw  coal  of  the  Ohio  River  trade,  and  itit  quality  is  so  xnperinr 
that  it  hnnlong  man<ipnlizeit  the  iron-making  market  at  Siiint;  Lonis,  Mo.  This  is  the 
huA  wbieh  fnmisheH  nInioNt  all  tlio  coal  to  the  gas-works  of  tbe  seaboard  cities  and 
iiilntid  towns ;  and  apropoa  of  this  circumstance — 

Tlie  fact  of  next  importance  ia  that  Ihe  percentnge  uf  gas  yielded  by  the  cosl  nf  th<s 
lied  iTicreasee  westward  unit  decreases  enotward.  In  tlie  rittsburg  region  it  yields 
from  ItTi  to  40  per  ci-nt.  of  volatile  nialter;  at  Ulnirsville,  Latrolie,  Conn  el  Uvi  lie,  and 
Uniontown  its  avcraffe  may  lie  called  :tO  per  cent. ;  in  the  Cumberland  Kaain  it  is  some- 
times as  low  as  IT  per  cent,  lis  average  iu  the  Salialiury  Basin  will,  therefore,  be 
somewhere  above  20  iier  eenX.  and  below  '^  per  cent. 

(KoTK. — I  have  no  trustworthy  analysis  of  these  .Snliabnry  couls.  One  specimen  was 
said  to  .vieid  29  per  cent,  volatile  matter.  The  Ui-Niuu,'Cou!lueuce,  or  TurkeytwH 
lower  coals  nnder-rtin  20  per  oont.,  and  lie  fartlier  wi-st.) 

As  we  distiugnisb  siieb  coals  as  si'mi-bituniinous,  couls  with  only  10  to  13  percunl. 
a«  BBuii-anthracite,  aud  coal  with  from  9  to  .'i  per  cent,  as  anthracite,  wa  may  say  (in 
the  market)  that  the  ^nlixbnry  ronl  (of  this  bed)  Wbuigs  with  the  Ooorg^-'s  Crvek 
CumbedauuBcmi-bituuiiuoiiBstuum-coals,  thetiut'st  stcnin-coal,  by  tbe  by,  in  tbe  world 
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It  hao,  however,  a  little  more  gas,  and  belonga  properly  also  to  the  good  cftking-coaUj 
with  SD  advanta^  over  the  CouDellsville  part  of  thu  bed,  not  in  the  excelli^iice  of  jfa 
rnke,  bnt  in  DiakinK  ^00  pounds  more  of  coke  from  a  ton  of  roal,  viz,  ID  {ler  cont.,  or 
whatflver  elise  may  bo  the  proved  difference  betweea  the  average  percentage  of  volatile 
matrar  in  tbc  coali'  of  the  two  diHtriols. 

The  Dfxt  im]M>rtant  fact  to  be  uuticod  ie  that  there  are  three  other  coal-bedH  over- 
lying the  Pittsburg-ConnellBville  bed,  two  of  which  arealeo  preaervedia  the  Salisbury 

Ou  Cheat  River,  in  Virginia,  the  whole  system  of  four  beds  is  as  follows ; 

Feet, 

Way  Desb org  coal-bed,  from , 6   to  9 

Interval,  (ahales,  sanilBtonea,  limeatone,)from 183   to  207 

Sewickly  coal-bed,  from 4)  to  6 

Intprvaf,  (ebalee,  saticlstODe,1imestODe,)from 40   to  49 

Hcdxtone  coal-bed,  t¥om 4    to  5 

Inti-rval,  (Khulee.saadetone,  limeatoue,)  from Itj    to  6 

I'itteburgb  coal-bed,  from 7   to  14 

At  Uniontown  and  Conn fIIbvi lie  there  are,  in  all,  six  beds,  well  marked,  and  sep 
nr.ited  from  each'olher,  thus: 

Feet. 

Nameless  eoal-be<l — 

lutenal IS 

Wnvneubnrg  coal-bed 1     to      3 

IiiL-iral 120 

I'liioutown  coal-bed 2 

Inle^^'al  (great  limiiHtnne  tiirmaiioii) 130 

Si-wicklj  coal-bed,  interval 5 

K<'<latoiie  coal-lwd,  very  thin,  iiiterval H6 

fittsurgh  coal-bed 14 

In  our  Saliiibnry  coal-baNln  we  have  a«  the  bigheat  rock  on  the  hill-tops,  the  enuiva- 
leiit  of  tile  Waynesburg  saciilstoiie  Id  the  form  of  a  maMHive  conglomerate  saTidxtone 
calletl  (after  its  Kentucky  name)  the  anvil-rock — black  alatu  reprtssentiug  the  Waynes - 
burg  coal-bed. 

rbe  upper  limesloae,  black  slate,  ami  a  little  coal 30 

1'tiiontown  coal-beil,  (coal  aad  slate) 5 

Tlie  lower  limestone 1 

Sewickly  coal,  (upper  Berlin,  coal  and  slate) 15 

Interval iifi 

K.'dstonp  coal,  (double  bed) 10 

Interval : :« 

I'ittwburg  coal,  (lower  Berlin) 11 

•"^nch  was  the  section  I  made  at  klyer's  mills,  in  t^eptember,  1857.  Id  18T0 1  got 
niiuierous  sex-'tions  along  the  southern  or  Salisbury  portion  of  the  baain,  which  show 
rbi-  usual  variations  both  in  the  aize  of  the  coal-beds  and  in  the  intervnls  separating 
tbem,  but  prove  the  only  fact  of  importance  to  us,  that  the  Pittsburg  bed  maintains 
ilN  prednmrnaiit  quantity  and  (|uality  the  entire  length  of  the  basin.  They  prove  also 
tbu  Sewickly  bed  is  everywhere  targe,  bnt  not  reliable  in  (|uality,  being  very  slaty. 
I'liiry  prove  also  that  the  redstone  bed  is  persiKtent,  but  not  an  unusually  large  bed. 
Tliej  reveal,  moreover,  a  new  and  importjint  fact,  that  there  is  a  valuable  coal-bed 
un<li>rlylng  the  Pittsburg  coal-bed. 

The  secIioD  of  the  sontliern  half  of  the  Salisbury  basin  (upper)  coal-measures  may, 
therefore,  be  thus  stated : 

FeM. 

The  great  limestone  Sewickly  coal  bed,  (slaty) ', 10 

Interval,  (soft  shales) 44 

Redstone  i«al-bed 6 

Inten'al,  (shales) 10 

I'itlsburg  coal-bed,  (with  parting  2  feet) Irt 

Interval  containing  two  suiult  coal-beds 64 

Snlisbnry  coal-bed,  over 4 

Thence  down  to  the  level  of  Canselman  River lUi 

(Ojinned  recently  on  the  Jonas  Beechy  tract,  I!)  feet  above  river,  5)  feet  of  pure  coal. 

Although  the  Salisbury  basin  is  only  uineortcn  miles  lung,  and  one  or  two  miles  wide, 
and  cut  by  numerous  short  ravines,  which  uiiike  the  outcrop  of  these  beds  follow  zig- 
zag courses  around  the  hill-sides,  it  w'iU  be  seen  at  once,  from  the  above  sections,  what 
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,    uiCJiy  of  ooal  has  been  left  in  the  ridge,  aud  bow  perfectly  w 
II  IS.    1  slikll  give  qnantitjes  prfeentty. 

Them  lie  beueatli  tlie  Tiver-beil,  And  ooDformable  to  the  upper  coal-meaMiree  Jiut 
i1eacril>ed,  thti  followiug  bedit  of  the  lower  cual-ni<Nuiiirea.  These  have  beeo  strack  in 
au  oil-wull  boring  tui  follows  ia  dtiptlia  from  moutli  of  n-ell: 

KIk  Lick  coal,  (called  4  fret  thick,)  at 9S 

Upper  Freeporl  enal,  (c;»lled  lU  fret  thick,)  at 151 

Lower  Frouport  (!)  toal,  (culled  8  feet,)  at iJi 

Black  slHte  ami  coal,  (mixed,  2  feet,)  at 3iO 

JobuHtown  ore-bMl,  at  about . . 3V 

StTuaka  of  coal,  at  about.., 4"(i 

Conglomerate,  (forniing  crest  of  AUiighan;  MonDtaine) W 

And  coutinuiMK  nioreor  Ihss  to , 640 

Kedllialeof  XI,  hence  down  to  bottom  of  well Bid 

Tbeee  coal-l>edH  of  the  lower  syetom  spread  through  the  hills  east  of  Casselmxii's 
River,  and  form  tho  mineral  rich^H  of  all  the  Rurlia,  SaliHbury,  Ursioo,  and  Johnstown 
coautry ;  but  they  are  hardly  worthy  of  cnterio);  into  oar  present  discosBiou  of  Ibe 
upper  coal-beds  of  the  Pitteburf;  (Sulis)uiry)  soriiw,  iir  the  Salisbury  Basiu  ridge. 

The  area  occnpie<1  by  tbe  I'lttHborg  (CounellHville  nr  Westuiorelaiid)  bed  is  eijcbt 
and  a  half  miles  Ioiik;  its  greatest  widtli  is  three  miles,  and  the  average  width  oppo- 
site Salisbury,  and  south  of  Tubmill  Bun,  one  mile. 


Tbe  sum  total  of  .>,000  acres  of  coal-bed  is  got  by  deduct inf;  about  1,000  acres  fiiTl»s 
by  valley  erosion,  nod  indelinite  southweit  limit,  from  5,iKiii  acres  of  calculated  total 
coal-bed  area  between  Meyer's  mills  and  the  south  eud  of  the  Salisbury  Basiu. 

The  whole  area  is  subdivided  ualurally  into  four  portiuns,  thus: 

A  2,000  acres,  which  at  1,000  tons 2.000,000  ton*- 

B  2,200  aores,  which  at  1,000  tons a.«W,000  tou.. 

C     915  acres,  which  at  1.0(10  tons 015,000  tons. 

D     B40  acres,  which  at  1,000  toua «40,OOU  tons. 

5,955  acres,  which  at  1,000  tons 5,955,000  t«ia. 

Say  5,000 5,000,000  toon. 

Allowing  ouly  10  feet  depth  to  the  bed  we  get 50,000,000  tons. 

Note. — The  above  estimate  of  1,000  tons  to  the  aore,  for  eaoh  font  thickness  of  bed, 
allows  for  jiillars,  stack  and  waste  of  all  kiods,  aud  represeuts  the  amount  of  cmI 
placed  in  tbe  cars  outside. 

Tbe  actual  geological  quantity  of  coal  in  this  Salisbury  (Somerset  County)  ontlirrof 
the  great  Pittsburg  bed,  must  be  nearly  one  hundred  luilUoiiH  of  tons. 

qCANTITY  OF   BED9TOXB-BED   COAL. 

The  area  of  this  bed  is  about  one-half  that  of  the  ^reat  bed  below  it,  and  its  svrr- 
age  thickness  is  not  so  well  kuown.  I  do  not  think  it  prudent  to  estimate  for  all  its 
detaehnl  'aToas,  ten  in  nnmber,  more  than  15,000,000  tons,  possibly  gross  contents 


QUANTITY  OF   SAUSBURY  COAL. 

The  recent  opening  of  this  bed,  5^  feet  thick,  at  an  elevation  a  few  yards  above  the 
river-level,  near  tbe  south  euil  of  tbe  basin,  is  a  matter  of  great  importance.  The  roal 
shown  to  lue  iu  Philadelphia  is  of  su]Hirb  quality,  alt.bougb  somewhat  too  prisuialir 
to  bear  long  transport.  It  appears  to  tie  as  pure  as  tbe  best  Qoorge's  Creek  (Cambrt- 
land)  coal,  and  must  make  first  quality  of  coke.  (See  analysis  at  end  of  this  repoil.t 
It  ontcrojui  all  along  the  river-foco  and  on  both  sides  of  Tubmill  Run  ;  otid  its  lelil 
area  must  beat  leant  one-half  greater  than  that  of  tbe  Pittsburgh  bed,  but  I  have  m- 
son  to  believe  its  thickness  to  bo  less  at  the  north  end  than  at  the  south  end  of  the  ba- 
sin. (On  Klk  Lick  Creek  is  a  4-foot  bed  of  very  good  coal,  but  belonging  to  a  lovft 
geologiial  position.) 


Tbe  Saliabnry  coal-bed.  if  evan  5  feut  thick  oadpr  the  soutb  eod  of  the  basin,  will 
contniii  :i5,000,000  tons,  this  most,  if  not  all,  of  which  ilea  above  wator-levcl.  It  is  then 
proper  to  add  to  the  above  ijuaulitiea  a  tot&l  available  suiu  io  thiti  Sulisbury  bed  of  at 
least  2^,000,000  tang. 

(JUASTITY   or  COAL    BENEATH   WATBB-LEVBl, 

Ftitore  niiuiuK  operations  in  the  beds  of  the  lower  caal-mesnnTee  will  Tpvea)  their 
ci)Dditiou,  IhiekueiiS,  itud  iiuanlity.  They  uuderli«  the  whole  area,  of,  tia;,  9,000  acres, 
more  or  leas,  which  ia  in  i|ii«stiuu.  It  la  perfectly  safe  to  give  two  lieiU  vielUiug  5  feet 
each,  i.  <.,  to  sa;  120.0UO,UUO  tons,  or  on  a  prttctioal  eetiiniit«,  90,000,000  tooH. 

As  tJiese  lower  beds  cao  ouly  be  reached  by  abafta,  aud  aa  they  spread  throiighont 
Sometsel  County,  aoct  the  upper  beila  are  above  water-level  aud  muuutjolized  by  a  few 
proj>erti(«  between  Meyer's  Millfl  aod  the  Maryland  llDe,  it  seems  faaraly  wurtn  while 
to  introduce  this  secondary  eiemeuC  into  my  evtjliiate  of  the  value  of  the  Salisbnry 
Basin,  which  is  in  itxrll,  and  eutirety  apart  from  the  existence  of  thvAts  lower  coal-beds, 
DO  extrauidiuarily  valuable. 

NoiB.— lu  any  otlior  coul-regioti  of  tbe  world  the  esislence  of  beds  nearly  horizontal, 
and  to  bo  reached  by  abafts  lens  than  :ju0  Sevt  iu  depth,  (see  oil-well  boring,)  would  of 
itself  give  great  value  to  the  overlying  properties.  My  report  on  the  Uiniiia  lauds 
shows  that  one  bed  struck  by  such  a  shait  is  tbe  tine  G-Jbot  coal  mined  ou  the  Dorth 
fork  of  Casaelmau's  River,  ou  the  west  side  of  the  SDmernet  Basiu.  Ite  analysis  is  a 
good  denl  like  that  of  the  Cumberland  coal.  This  6-fuot  bed  is  the  great  bed  of  Cassel- 
nian's  Hirer,  lietweeu  Meyer's  Mills,  Confluence,  and  Ursiua,  and  it  is  increasing  in 
Ibicknehg  eastward,  so  that  the  report  of  its  being  10  feet  thick  under  Salisbury  (see 
oil-well  biiring)  may  very  well  be  a  true  one. 

I  tlrnt  became  acquainted  with  the  Isolated  and  exceptional  character  of  this  bed  in 
1840,  dnriug  my  survey  of  Sonierset,  Fayett*,  aud  Cambria  Conutiea,  in  company  with 
James  F.  Hodge,  and  aa  assistant  of  the  State  geologist,  in  whose  fifth  annual  report 
luy  sketch  of  the  goohi^cy  of  the  Salisbury  Basin  is  euibodied,  bnt  without  details.  My 
knowledge  of  its  peouliaritiea  was  much  enlarged  in  sobseiiuent  years,  and  impreased 
me  always  more  and  more.  I  have  frecguently  urged  its  claim  to  special  attention,  but 
until  the  completion  of  the  Coouellsville  and  Curaliorland  Railroad  connection  no  steps 
for  it8  development  ounld  be  prutitably  undertaken.  Tiiis  connection  being  now  made 
nothing  can  prevent  this  Sullsbnry  Itasin  from  becoming  a  second,  tbongh  somewhat 
amaller,  Cnmlierland  Basin,  and  that  without  any  rival  but  the  Cnmberland  Rasiu. 

{No.  1.}— For  the  little  bill-top  patch  of  Pittsbnrgh  bed  left  standing  in  tbe  Ligonier 
Valley  is  entirely  out  of  the  way  uf  all  trade,  and  too  miunte  in  itself  to  be  of  auy 
account ;  and  the  Broad  Top  coals  are  those  of  the  lower  coal-system,  smalt  beds  aud 
ttnbdivided,  heuoe  coming  to  market  in  a  soft  and  dirty  condition. 

The  Salisbnry  upper  (Pittsburgh)  coals,  if  coked,  can  go  down  to  Pitlebnrgh  in  com- 
petition with  tbe  (}ou  net  lav  i  lie  upper  (Pittsburgh)  coat,  coked;  but  tbe  Uonnellsville 
coal,  raw,  is  too  bituminous  to  come  eastward  to  Baltimore  and  Philadelphia  in  com- 
petition with  tke  Salisbury  and  Cumberland  coals,  raw.  These,  then,  compete  with 
each  other,  bnt  without  competition  &om  any  other  qnarter  whatever,  forming  virtu- 
ally two  competing  bnt  allied  monopolies  of  tbe  best  steam-coal  known. 

To  feel  the  full  lorce  of  this  remark  it  must  be  kept  in  mind  that  what  is  called  oar 
txixllmce  "Cumberland  coal"  comes  from  tbe  "Big  bed,"  (George's  Creek  bed,  Pitts- 
burg bed,)  iu  the  center  of  the  Cumbi;rland  Basin ,  and  wh^t  will  soon  be  equally  famous 
as  "  Salisbury  cnal "  will  come  from  the  same  Big  bed,  Pittsburgh  bed,  in  tbe  central 
ridge  of  the  First  Soniernet  or  Salisbury  Basin. 

Iu  considering  tlie  conmercial  value  of  these  coal-beds  in  comparison  with  each 
other  and  the  trana|iortaIiou  distances  by  the  many  existing  aud  proposed  new  mutes 
to  the  eastern  markets,  it  is  lo  be  borne  in  miuil  that  tbe  two  cuals,  the  Salisbury  and 
Cumberland,  come  from  one  and  the  same  {Pittsbnrgh,  Connellsvtile,  Salisbury,  George's 
Creek)  upper  coal  series  Qreat  coal-lHisin,  and  are  of  equal  purity,  and  the  beds  of 
■Mjual  size  or  rather  of  greater  size  at  SuIiHbnry. 

It  is  especially  to  be  remembered  that  tbe  Irwin  coal  (Westmoreland)  is  only  to  be 
used  for  gas-making  pnri>osee,  and  cnn  only  be  brought  eaelward  for  those  purposes  ; 
for  coking  pur|>o>'es  it  must  go  to  Pillsburgh  and  down  the  Obio.  Whereas  tbe  Salis' 
bury  coal  will  rival  the  Cnmlierland  coal  on  a  footing  of  equality,  oa  tbe  liest  steam- 
coal  ko<iwn,  and  have  nolbing  but  tbe  Cuuiberland  coal  to  compete  with  j  fur  the 
Uroad  Top  aud  Alleghany  Muuutaiu  ateam-coala  all  come  from  the  smaller,  more  sluty, 
and  softer  beds  of  the  lower  coal  syslvni,  and  then'foie  always  must  be  of  inferior  value 
ill  tbe  market  to  the  Cnnilierlaud  aud  Salisbury  coals ;  while  on  the  other  hand  the 
Salisbury  coal  will  coke  admirably  alMi,  aud  commaud  an  equal  standing  in  the  Pitta- 
burgh  and  duwn-Ohio-Rivei  markets. 

Observing,  liually,  that  the  noble  coals  of  Jefferson  and  West  Clearfield,  about  to 
pnler  the  seabonid  markets,  on  the  completion  of  tbe  Low  Grade  Railroad,  must  travel 
three  hundred  and  tweuty  miles  to  reach  I'biladelphia,  aud  then  come  into  the  sea- 


166 

boar^  tuarkpt  ID  competition  with  the  Irwin  KaB-coa1kiDda,(trni]sported  tbreehondiMt 
and  tLirty-two  milw,)  to  which  they  really  beloug,  (altboufch  th«  beds  an  the  amet 
btids  of  the  lower  coul  Bysteni,)  and  cknnot,  tlierefure,  compeM  well  with  Btesm-CMlL 

Considering  all  these  points,  I  tbinlc  I  have  justified  the  very  eiceptiookble  Tilne 
which  I  have  for  many  yeani  past  attached  to  the  Saliebnry  coal-basin. 

MuTK. — AnalyBis  rofetred  to: 

Jnal}i»a  of  ike  five-foot  Salnhitru  6ed,  mfntianed  in  thit  report,  maHe  fcj  Boolk  ^  IHrrtll 

Gas 16.  OSf.r   ,    ,.,  ,,  or  - 

Tarry  matter  and  water y  „!  Volatile  matter 25,,, 

lii^^'!'!"";::::::":;:::";::::::  ^i^jcoke u* 

NoTK. — Annnming  the  epeciAc  gravity  of  the  gas  to  be  0.45  compared  with  sic  ii 
nnity,  the  amount  of  gaa  jieldttd  by  one  pound  of  coal  will  be  4.64  cubic  foet.  Tlii* 
»nftljsisi-howa,firat,  the  resemblance  of  this  coal  to  tlie  Cumberland;  aecood,  the  great 
amount  of  coke  it  will  produce  even  afwr  a  certain  loss  of  fixed  CMliou. 


Appendix  C. 


Baltimore,  .Vnrdt  2,  li?t. 

Dkar  Sib  :  Upon  my  return  home  yesterday  I  received  your  letter  of  tbe  26lh  Feb- 
ruary, uskins  for  infomialion  in  regard  to  tbe  cnst  of  the  Sand-Patch  tunuel  upon  tbe 
line  of  the  Pitt-shnrf;  and  Conni^llflvillo  Railroail. 

The  work  on  this  tunnel,  of  4,800  feet  in  length,  woe  commenced  and  carried  on  tar  a 
couple  of  years  or  more  prior  to  my  connection  with  the  road,  and  I  am  not  now  able  to 
eay  from  sonrces  within  my  reach  what  it  cost  diidns  that  time.  It  was  resumed  in 
lHi>5,  af[«r  a  suspension  of  about  eight  years,  and  within  the  next  two  years  the  som 
of  $31,!>4i>  was  expended  in  removing  7,62(1  cubic  yards,  at  an  average  cost  of  (4.14  per 
3ublc  yard.    This  work  was  done  by  the  day  under  the  superintendence  of  an  ^^nt  of 


>on  the  line.  It  gives,  therefore,  a  pretty  Kood  criterion  of  actual  cost  without  profit, 
thoufth  if  done  by  contract  the  net  cost  might  have  been  somewhat  less,  t*"  ~  -'—'-' 
o  make  a  profit  aSbrding,  even  to  an  honest  man,  an  additional  incentive 


There  were  3!i0  feet  linear  of  heading  and  GOO  feet  of  bottoming  in  the  7,6!0  cnbir 
yards,  the  former  couAtitutiiig  about  one-third  aud  the  latter  two-thirds  of  the  whole 
sectional  ar<-a  of  the  tunnel,  which  was  ItS  feet  wide  by  IHJ^  feet  high,  with  semicircii- 
lar  roof  where  masonry  was  not  rei|uireil,  with  3  to  3  feet  additional  width  and  litiglil 
where  lining  was  needed.  The  lining  was  of  stone,  as  no  good  brick-clay  was  fennd 
in  the  neigluMrbood,  and  very  good  sandstone  aliounded  in  tbe  large  bowldets  of  lb' 
oongloinerate  rocks  which  were  found  strewn  over  the  surface  in  the  vicinity. 

The  ei]i[i1oyment  of  this  stone  pemiittud  the  arch  to  be  reduced  from  li*  inches  (had 
it  been  of  brick)  to  12  inches  in  thickness,  which  snBiced  for  sii  moderate  a  span,  ibe 
space  over  the  arch  not  requiring  more  than  3  or  3  feet  of  packing,  except  at  certain 
points  where  the  rock  had  fallen  more  from  overhead.  The  strata  were  inclined  cro» 
wise  to  tbe  line  of  the  tunnel,  tbe  dip  being  40^  or  50-',  and  the  strike  being  nearlv 
parallel  to  the  axis  of  the  tunnel,  the  gra<le  ascending  1  in  100  from  east  to  west,  acil 
the  rock  consisting  of  tbe  old  red  sandstone  underlying  the  coal-measures.  A  lone 
canal-tunnel  would  cut  itcross  the  strHtifieation  and  encounter  the  lower  ooai-measucw 
after  pawluK  through  tbe  old  red  and  the  mountain  limeHtone  and  the  millstone  grit. 
After  the  final  rosuinptioD  of  tbe  work  on  the  Sand-I'atch  tunnel  in  1868,  it  was  lei  ti 
contractors,  at  tbe  following  prices: 
Hearting,  what  remained,  (749  cubic  yards,)  nearly  all  being  removed  nnder  previous 

controct ST  per  cubic  jwil. 

Bottoming,  what  remained,  (27.725  cubic  yards) ja.i>5  per  cubic  yard. 

Stone  packing  over  arch,  (5.0i?5  cubic  yards) $i.-2b  per  cubic  ysni- 

Side  wails,  atone  masonry.  (:!74  perches  of  '25  cubic  feet) (li.l"! 

Areh,  atone  masonry,  {1,HKI  perches  of  25  cubic  feet) 132^' 

The  railroad  company  furnished  cement  and  eaud,  costing  about  $1  per  perch,  to  Ik 
added  to  these  prices. 

The  tunnel  and  approach- cuts,  which  were  long,  were  made  passable  by  trains  in 

March,  IrTl ;  and  since,  some  extension  of  the  arching  has  been  tnjtde,  ao  tf  ~~ 

about  half  the  whole  length,  I  think,  is  lined.  ' 


a  tnjtde,  ao  that  n 
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e  writing  the  above  I  have  found  some  papers  which  give  the  prices  of  the  first 
ct,  made  in  1853,  viz:  Heading,  $5.-J5;  boMom,  12;  packing  over  arch, $3;  ahafta, 
(fonr  iu  nnmber,  and  rtri,  120,  143,  and  17B  feet  deep,  respectively,)  $6  per  cubic  yard. 
These  were  sunk  before  I  took  charge  of  the  work.  The  drat  contructora  abaliduned 
the  work,  the  prices  being  ioadequate  eveu  at  that  day  of  lower  prices  of  everythiug. 
The  last  contractora  made  a  small  profit  by  close  managenient.  The  whole  tuniiel  aud 
approBcbea  have  cnxt  about  ?420,0U0. 

I  should  think  it  very  unsafe  to  assume  tbe  preceding  prices  in  estimating  the  cost 
of  a  long  canal-tunnel,  which  might  readily  be  lUO  per  ceut.  higher,  and,  for  tbe  shafts,  ■ 
three  or  four  times  as  high. 

The  Saud-Patch  Inoiiel  was  remarkably  free  fiMm  trnable  with  water,  tbe  rock  of 
alternately  hard  and  soft  (edges,  uudt  for  musonry,  aud  much  of  it  decomposing  when 
expueed  to  tbe  atmosphere. 

I  am,  dear  sir,  respectfully  yours, 

Bbkj.  H.  Latrobr. 
Col.  W.  E.  Mbrrili., 

Cttiltd  Stata  Engineer  Offoe,  Ciiiciiinali,  Ohio. 


imclined  planes. 

United  States  Engineer  Office, 

Cincinnati,  Ohio,  May  8, 1874. 
G-ENERAL :  lo  my  report  on  the  exteuaioii  of  the  Chesapeake  and 
Ohio  Gaoal,  dated  March  aO,  1874,  and  printed  as  Executive  Document 
J^o.  208,  House  of  Kepresentativea,  Forty-third  Congress,  first  session, 
I  stated,  nnder  the  heading  "  Inclined  Planes,"  that  Colonel  Sedgwick 
was  preparing  a  special  paper  on  the  method  of  canal  navigation  by  tbe 
nse  oi  inclined  planes,  which  I  intended  to  forward  with  the  request 
tliat  it  might  Bubsequeutly  be  attached  to  my  report.  1  have  juat  re- 
ceived the  paper  in  question,  and  1  herewith  forwani  it,  ivith  the  request 
that  it  may  also  he  trausmitted  to  Congress  for  pnblication.  The  sub- 
ject discussed  is  one  whose  details  are  not  widely  known,  and  the  infor- 
mation which  the  report  contains  will  he  quite  useful  to  all  eugineers 
who  have  to  discuss  the  problem  of  caual  navigation  in  monntainons 
(listricis. 

Kespectfnlly,  yonr  obedient  servant, 

Wm.  B.  Merrill, 

Major  Engineers. 
Brig.  Geo.  A.  A.  HtJMPHRETS, 

Chief  of  Engineers, 


SappUncnlal  report  nf  Mr,  rAonuw  S.  Sedgieick,  Ai»iitanl  Eagineer. 

Washington,  D.  C,  ifarcA30. 1874. 
Colonkl:   In  relation  to  tbe  extension  of  tbe  Chesapeake  and  Ohio  Canal  from 
Camberluiid,  Md.,  to  Pittsburg,  on  th«  Ohio,  I  have  the  honor  to  make  a  supplemental 
report  on  the  stud <r  of  "  iuvliut^d  planes"  as  a  means  of  raising  and  lowering  boats 
from  one  level  of  a  canal  to  another,  instead  of  the  canal  lift-lueks. 

The  use  of  sncb  planes  is  not  new,  although  they  are  somewbat  of  a  novelty.  Tbey 
liAve  been  in  nse  nti  tbe  Duke  of  BridgewuttT's  Canal  in  Koeland,  and  plant-a  carry- 
intc  caissons  full  of  wuter  in  vchiuh  the  boats  were  floateuhave  been  used  on  the 
Monklsud  Canal,  near  Olasgow,  Scotland  ;  but  the  most  noti^l  and,  dou  LI  less,  the  most 
nncceHsful  application  aud  nse  of  inclined  planes  is  a  matter  of  national  pride  to  the 
United  States,  in  tbe  example  of  their  efficiency  and  econoniy  in  cost,  aud  saving  of 
time  in  transportation,  as  used  on  tbe  line  of  tbe  ftlorris  Canal,  in  New  Jersey. 

The  Uorris  Canal  eytends  across  the  northern  portion  of  New  Jersey,  fruui  Eaaton, 
Pft.,  on  tbe  Delaware  River,  lo  tide-water  at  Newark,  on  the  Bay  of  Newark,  a  distance 
of  one  hnndred  aod  one  miles.  Thetotalriteandfallon  tbe  caualis  stated  at  l,r>.'i7  feet, 
of  which  'eSi  feet  is  overcome  by  lockeofvaiious  lifts,  and  1,3J4  feet  by  iuclined  planes, 


^ 
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averagintt  TiB  feet  lift  each,  of  whkh  one,  near  the  weNtern  Mrminus  of  tbe  canal,  hua 
hejelit  uf  100  rmt. 

Tbese  plaiieH  nere,  when  first  cnnxtnicted,  operftled  in  conn<-clion  irtth  an  urdiouy 
iift-toch  iiIhchI  Bt  the  hunduf  the  plane,  connt-cted  with  the  upper  l«vel  or  pool.  irtB 
the  iKittoni  of  whieh  lock  the  track  (an  onlinary  rail  way- traok)  of  the  plane  wax  laiil. 
and  leil  dowu  the  ptaae  to  the  lower  pool.  The  boats  were  carrii^  up  or  iluwn  tbp 
plaoe  (ID  a  w1ii'e1i>(l  ci(triaK<*  runciinc  on  a  railway-track  operat-ed  by  an  eud1(«s  cbiiii 
pasainfr  around  large  horizontal  pulTeje,  (Uxod  at  the  head  and  Toot  of  the  planp,)  anil 
'  attached  to  a  large  winiliiig  drum  operated  by  a  turbine  motor,  and  the  nnnal  ){Barlug 
and  niavbiuery  fur  transm initio  auch  power.  The  turbine  with  ita  machinery  is  W 
cnted  in  a  house  on  one  aide  of  the  plane  at  about  the  middle  of  ita  leni;lh,  and  Jr  npr- 
rated  by  the  head  of  water  taken  from  the  up)ier  pool.  The.boatH  were  taken  intoilie 
locks  at  the  bead  of  the  planes  in  the  iiHual  manner,  and  as  the  prism  of  lift- water  wh> 
discharged  the  boat  aettled  down  into  the  oarriage  and  was  let  down  the  plane  to  llir 
loner  pool,  where  the  boat,  fidlowing  the  incliued  plane  to  a  depth  greater  than  thv 
draught  of  the  boat,  Boat'^d  and  wito  detached,  passing  on  its  way.  B.>ata  mnvio!;  in 
the  contrary  direction  were  drawn  over  the  carriages  as  they  stood  in  the  lower  pnol» 
at  the  foot  of  the  planee  and  made  (iixt  theretf>,  and  the  machinery  being  put  in  mo- 
tion, the  carriage  rising  along  the  planes,  the  boats  settled  down  npnn  them  and  were 
carried  up  to  tlie  head  of  the  planes  and  inio  the  lucks,  which  were  then  closed,  tbr 
prism  of  lift-water  let  in,  and  the  boats  were  raised  to  the  upper  pool  and  passed  dd 
their  way. 

The  liicksat  the  heads  of  the  planes  have  lieeu  taken  away,  and  the  railways  of  tlip 
planes  are  carried  over  into  and  down  tn  the  bottom  of  the  upper  poola,  where  the 
boats  are  receive<l  and  discharged  from  the  c^arriagos  in  the  same  manner  as  at  the  fool 
of  the  planes  in  the  lower  pools.  This  arrangement  of  the  two  planes  is  called  ■ 
" HUmmii'plaae,"  and  thin  is  the  kind  of  plane  I  hai'e  considered  in  connection  with  thr 
extension  of  the  Chosapeako  and  Ohio  Canal,  with  special  reference  to  their  applir»- 
tion  on  the  mountain  section  of  the  Sava^re  Hirer  route,  between  the  mouth  of  SavaKC 
River  and  Salisbury,  on  the' Cafitleman  Kiver,  and  at  one  or  two  places  farther  west  on 
the  route  where  thuir  usefulness  is  apparent. 

The  linided  boats  of  the  Morris  Canal,  together  with  the  carriage,  weigh  about  110 
tons.  Olwervations  made  on  the  operating  of  a  plane  at  Newark,  rising  one  foot  in 
ten,  and  having  a  litl  of  70  feet,  showed  that  boats  were  readily  and  eflloiontly  pasMd 
from  one  pool  to  the  other,  over  a  horizontal  distance  of  about  1,IKX)  feet,  in  foot 
uiiDutes,  equal  to  a  rate  of.<<iiAJMtj 'uififct  miles  per  hour. 

DBSCRIFTION  AKD   ESTIMATE  OF  COST. 

The  accompanying  drawings,  aho wing  a  profile  and  plan  of  aslu^ft-track  plane,  and 
a  plan  of  a  double-track  plane,  illustralre  the  arrangements  and  diniebsioDB  of  a  saoi- 
mit  plane  of  fvt  feet  lift,  rising  one  foot  in  10  feet.  H  is  the  npiier  and  L  the  lower  pool 
or  level  of  the  canal,  connected  by  the  inclined  plane.  The  summit  of  the  plane  al  ^ 
ia  from  I^  to  'i  feet  hlfcher  than  the  surface  of  the  upper  pool,  and  the  second  brand) 
of  the  plane  desceuds  to  the  bottom  of  the  upper  pool  at  the  rate  of  I  loot  in  10  fret. 
and  the  foot  of  each  plane  is  continued  beyond  the  ordinary  depth  of  the  canal  to  gain 
depth  enough  to  allow  the  carringe  to  pass  iiudnr  the  boat,  as  it  floats,  as  shown  t  .1. 
The  additional  depth  shown  in  this  plan  is  about  6  feet,  leqnirinf;  a  total  depth  of  I^ 
feet.  P  and  P  are  the  horizontal  pnlleys  around  which  the  traction  cable  passe*  con- 
necting the  caniage  with  the  wlnding-dtuin  D.  They  are  firmla  flKeil  to  masses  oi 
masonry.  The  tnrbine  motor,  connecting  with  the  windint;  drum  by  suitable  genriojt. 
is  placed  in  a  suitable  house  at  the  foot  of  Ihe  plane  to  utilize  the  available  h.Tilraiilic 
head  between  the  pools. 

The  carriage  is  formed  of  two  parallel  trusses,  each  resting  on  two  tmcko  of  l"" 
iron  whecla,  each  flanged  like  ordinary  rail  road-oar  wiieels.  The  trusses  are  conuectfl 
by  bearing  joists  or  door-beams  on  which  tlie  boats  rest  while  being  moved  up  ord"«n 
the  plane.  The  trusses  are  carried  by  bolsters  resting  on  alle-pivuts  at  O  O  in  «ncli 
manner  that  tlie  trncks  may,  in  moving  over  the  crest  of  the  plane.  a<l}nRt  tbeniselvri 
to  the  plane  of  the  track  by  turning  about  the  axle-pivots.  The  track  npiii  wbii'h 
the  carriage  runs  consiata  of  the  erilinary  T  railroad  rail  laid  on  lougitndinnl  stiiii);- 
ers.  which  are  placed  on  a  fonndation  wall  of  masonry,  put  deep  eunngh  in  the  |;n>nnil 
to  lie  nndisturbed  by  the  trwxing  of  the  ground  iu  winter.  Tbe  tnkctiun  catilr  (.' is 
supported  on  grooved  carrying- wheels  placed  at  proper  intervals,  and  iron  roller;!  »tv 
need  to  carry  the  cable  over  the  crest  of  the  plane.  The  carrying- wheels  placeil  lie- 
twean  the  drum  and  tbe  horizontal  pulleys  move  horizontally  on  their  axles,  ailapiini: 
themselves  to  the  horizontal  motion  of  that  pi>rtioD  of  tbe  cable  as  it  winds  olt'  or  <ii 
the  drum.  The  planen  are  increased  in  leuf;tb  in  proportion  to  the  depth  reaolied  in 
each  pool,  and  a  portion  of  level  track  ia  laid  in  each  pool  for  tbe  carriaxu  to  rest  on 
when  reci'iviiig  or  discharging  a  boat,  the  pulleys  being  placed  at  the  <}iids  of  the  Irri-I 
portion  of  track.  l-        , ,  i    C.  it,H)'' 


169 

'The  total  beigbt  of  tbe  luaia  ptaiue  from  tbe  bottom  of  tbe  loner  pool  to  Its  crest  or 
siinimit  in  T7.5  feet,  and  tbe  height  of  tbe  plane  in  the  npper  pool  is  i:t.!>  feet.  Tbe 
horiEoatal  lent^ba  of  tbe  planes  are  therefore  775  feet  Hnd  135  feet,  and  their  slope 
len^tba  are  TiSM  aod  Ivt5.lt7  feet,  vbiob,  toKetber  with  two  level  purtiong  of  ICO  feet 
eiicli,  makes  tbe  track  needed  1,114.5  feet  long.  [Fifteen  feet  lire  taken  from  each  end, 
caving  l,0i^5  feet  of  track.] 

The  length  of  cable  used  is  twice  tbe  lengths  betweeo  the  pnlleya,  tneasnred  on  the 
planea,  the  circumference  of  one  pttllej,  and  the  distance  poMed  over  by  tbe  carriage 
m  going  from  one  pool  to  the  other,  say  980  feet,  a  total  length  of  3,iiS  feet.  Tba 
enda  of  tbe  cable  are  separately  &sad  to  the  drum,  and  a  length  of  cable  equal  to  tbe 
distance  paaHed  over  by  the  carriafte  is  always  wound  on  the  drum.  In  tbe  dnnble- 
trock  plane  the  lengtb  of  cable  is  twice  the  distance  between  the  pulleys  by  the  planes, 
once  and  a  half  tbe  circumference  of  a  pulley,  the  distance  between  tbe  tracks,  the 
distance  parsed  over  by  the  carrinfje,  and  twice  the  diataDce  from  the  drum  to  the 
pulleys  in  tbe  apper  pool,  in  all  4,140  feet. 

Tbe  gauge  of  tbe  track  is  IH  feet,  and  tbe  slopes  of  the  canal-prism,  if  carried  to  a 
depth  of  I'i  feet,  will  not  provide  room  enough  for  the  single- track  plane,  and  tbe  necea- 
siiry  widening  and  tbe  excavBtion  of  the  prism  between  the  foot  of  each  plane,  and 
the  snrface  of  the  pool  is  considered  in  the  cost  of  tbe  Hingle-track  plane ;  and  iu  tbe 
cost  of  the  double-track  plane  tbe  expense  of  widening  to  a  width  of  75  f^t  for  a  dis- 
tance of  300  fuel  in  each  pool  is  included. 

Tbe  expeuse  of  deepening  tbe  cansl  to  a  depth  of  12  feet  for  adietauceof  100  feet  in 
each  pool  is  also  included  iu  tbe  cost  of  the  single-lraok  plane. 

COST  OF  BINOLE-TRACK   PLANB. 

I>cepeu;ng  pools,  9, ISO  cnhio  yards,  at  40  cents J860  00 

Grading  surfBce  of  plane,  say  :l,Of>0  cubic  yards,  at  30  cents 900  00 

Trenches  for  niaaonry  of  track,  500  tubic  yards,  at  30  cents 150  00 

Fonndation  walls,  350cabic  yards,  at  $8  per  yard 2,800  00 

Track-stringers,  15,000  feet,  board -measure,  at  {35  pel  thousand 6^  00 

Faatsningstringers  to  wall,  450  pounds  bolts,  at  6  cents 27  00^ 

Tnuik-ratls,  90  poonds  per  pord,  25.9  tons,  atJWpertou 3,322  00  1 

Joint  splices,  70,  at  $t  each 70  Off 

Track-spikes,  400  pounds,  at  5  cents 20  Off 

Laying  track,  saj .-S-wriimi 100  00 

Carrying- wheels  and  rollers,  8,500  ponnds,  at  Scents 426  00 

Grooved-pnlleys,  5,000  pounds,  at  4i  cents 225  00 

Traction-cable,  3,335  feet  steel- wire  cable,  2}  diameter,  (1.65 5,337  75 

Turbine  diameter,  (iu  place) 1,000  00 

Gearing  20  tons  oast  iron,  at  $100  per  ton 2,000  00 

Dromand  fistnres,  2  tous,  at  8100  per  ton 200  00 

Flnme  and  penstock,  complete,  with  feed-gate 5,640  00 

Fixing  BTOOTfid  pulley,  (masonry  and  iron) 450  00 

Uoose  for  mochinery 1,500  00 

Boat-carriage,  corefally  figured 2,500  00 


Cost  of  plane 29,766  92 


Cost  ofeingle-trnek  plane 827,052  00 

To  which  Olid  the  following  quantities : 

Additional  widening.  :l,UO0  cubic  yards,  at  40  cents 1,200  00 

Treochi-s  for  foundation,  500  cubic  yards,  at  30  cents 150  00 

Foundations,  track-masonry,  350  cubic  yards,  at  38 2,1^100  00 

Track-sLrinj[ers,  1,500  feet,  board-measure,  at  $35  per  thousand 525  00 

Slringec-f!utleiiingB,4:)0  pounds  bolts,  at  6  cents 27  00 

Track-rails,  2.^1.8  tons,  at  J90 2,322  00 

Joint  splices,  70,  at  31 70  00 

Track-spikes,  400  pounds,  at  5  cents 20  00 

Layiog  track 100  00 

Ciroovedpulley,<larve,)5  t«ns,  at  $lGOpert«n 500  00 

C^irryiug  wheels  and  rollers,  5,000,  at  4i  cents 225  00 

Traction-cable,  910  feet,  at  31.65 1,501  50 


X^'- 


ixing  pulley  .. 
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Boat-csrrisffe.Bafif^iiTeil Sa.aflOdO 

Movable  carrying;- w htwls, '^{,500  pounds,  Ht  S  CHUtH .  150  Uil 

Sum  of  itemH 39,3MSi 

CoDtiugencios,  10  percent - 3,  KtB35 

Coat  of  double- track  plane 43,3S1  "? 


In  a  mountainous  country,  where  n  oougiilArable  elevation  is  to  lie  o' 
parativoly  sliort  liintftuces,  and  wliere  tlie  ordinary  llft-looka  most  bo  ptucBil  in  fllRliTv 
HO  catled,  that  is,  adjnceut  to  each  otlier,  or  be  placed  »u  close  (of^ether  aa  M  seriDusly 
retard  navl^atiou  ae  to  llnie.  the  pools  beiUK  eo  short  that  the  average  usual  apenl 
cauaot  be  acquired  lietweeii  the  locks,  (and  the  time  lost  in  locking  and  attendanC 
delays  consume  a  great  part  of  the  time  on  the  section  where  the  locks  are  so  close 
together,)  or  where,  to  avoid  such  loss  of  time,  the  lifts  of  the  locks  must  be  made  sn 
great  that  the  reqaisite  supply  of  feed-water  cannot  be  had,  (such  locks  being  also  very 
espeusive  id  their  cuostfuctioD,)  the  locks  in  eithiir  case  being  a  principal  item  of  ttr 
cost  of  the  canal,  as  well  as  a  continual  source  of  deloy  in  transportation,  if  tlier* 
should  be  bat  one  lock  for  each  mile,  the  cost  of  locks  would  be  but  some  $lfi,0<W  prr 
mile ;  but  if  the  levels  of  the  canal,  as  in  some  well-known  cases,  were  tun  or  twelvo 
miles  long,  then  the  cost  of  the  locks  would  bebut  some  f!,.'iOO,or  even  only  J1,000  per 
mile  for  the  ordinary  lifts  of  eight  feet ;  on  the  contrary,  if  the  canat  ia  to  be  earned 
into  a  nonntaiuona  region,  where  the  slope  of  the  valleys  mnst  be  followed  at  a  iat« 
of  TiO  or  60  feet  rise  per  mile,  requiring  6  or  S  locks  pur  mile,  their  coat  becomes  Ihe 
principal  item  of  expense,  and  may  reach  as  mnch  as  Jl30,000  per  mile. 

Considering  the  section  of  the  Chesapeake  and  Obio  Canal  between  Cnmberlind  and 
Connetlsville,  via  the  Savage  River  route,  as  presented  in  my  report  of  Jauuary  30, 1BT4, 
we  Hud  the  cost  of  locks  between  Cumberland  and  the  mouth  of  Savage  River  equal 
to  '28  per  c«ut.  of  the  whole  coat  of  the  canal — fiJl.OIN)  per  mile — the  lucks  occurring  M 

"rvats  of  tbreo-iiuarters  of  a  mite.    At  the  mouth  of  Savage  River  the  ascent  of  th* 
"tain  begins,  and  between  that  point  and  the  aummit,  a  diatauce  of  sixteen  mile«, 
are  140  locks,  aggregating  more  than  75  per  cent,  of  the  estimated  cost  of  th* 
for  that  section. 

If,  to  avoid  this  high  ratio  of  ooet  of  lift-locks  on  the  line  of  canal,  we  consider 
tbe  substitution  therefor  of  the  single-track  inclined-plane,  aa  described  above,  we  find 
.  that  one  plane  overcomes  the  lift  of  eight  locks  of  8  feet  each.  [This  lift  of  the  plane 
was  assamed  with  special  regard  to  tliis  section  of  tbe  canal,  as,  in  my  iudjimont,  ibev 
can  be  economically  placed  at  average  intervals  of  about  one  mile.  ]  Eighteen  plane! 
wonid  be  required  to  overcome  the  elevation  of  the  Savage  River  section,  where  there 
are  140  locks,  and  two  pl.ines  for  the  section  between  the  we.stern  end  of  tbe  Snmniil 
Tunnel  and  the  mouth  of  Pine;  Run,  where  there  are  Iti  locks  in  (i  miles.  Ou  these  two 
sections  the  slopes  of  the  hill-sidos  are  fitvorably  conditioned  for  supporting  the  levrl^i 
of  the  canal  for  snch  use  of  the  planes. 

The  156  locks,  eBllmuted  on  this  section  of  the  canal  at  S16.500.  (with  10  per  cent, 
contingencies,}  would  cost  t'J,5T4,0(K),  while, on  the  coutrary,  the '.i<>  planes  would  cnii 
but  es%,l:38.4U,  a  dift'erence  of  tl,UTri,«il.60  in  favor  of  tbe  planes,  equal  to  a  saving  of 
76.8H  per  cent,  of  the  cost  of  the  locks,  and  reducing  the  cost  of  this  seclion  of  the 
canat  by  .W.58  per  cant,  Contparing  the  co-it  of  tbe  plane  with  the  cost  of  the  eiglii 
locks  It  would  take  the  place  of,  tliere  is  a  ditference  of  $l02,^4:t.0!j  in  favor  of  tbe  cml 
of  the  plane,  overcoming  the  same  height  of  lift  by  tbe  plane  as  by  tbe  eight  locks,  al 
32.5  per  cent,  of  tbe  cost  of  tbe  locks. 

There  are  no  natural  indications  that  planes  could  be  used  between  Cumberland 
and  the  mouth  of  Savage  River,  and  the  cost  of  supiHirtinj;  the  levels  of  the  caosi  on 
the  hill-Bides  might  be  a  greater  increase  (in  the  cost  of  high  embanknienla,  or  th« 
crossings  of  lat«rul  ravines  or  valleys,  and  high  aqucductx)  than  would  be  saved  by 
tbe  planus  of  less  lift  than  described  above. 

There  are,  however,  two  places  on  the  line  i)f  the  canal  west  of  Meyer's  Dale  t'il.T 
where  planes  could  I>e  advantageously  used.  Referring  to  the  report  of  the  Board  of 
Internal  Improvement,  (l»t  snbdi vision,  western  wction.) there  is  a  reference  to  the 
Ohio  Pyle  Falls,  where  the  fall  U  90  feet  in  the  <li8tanco  of  one  mile.  The  cost  of  a 
plane  of  thin  height  wonld  be,  in  addition  to  the  cost  of  the  64  teet  high  plane,  ihe 
o<iBt  of  381.fi  of  track  and  traction- cable  and  their  accessories,  amounting  to  f:!.IKl'*.4S, 
inclndiug  10  per  cent,  contingencies,  making  tbe  total  cost  uf  the  plane  Sa^SijAi: 
while, ou  the  other  band,  twelve  locks  of  8  feet  lift  each  would  coat  j  1*^,000,  adifl'  r- 
enceof$l(!5,lT4.5r>iu  favor  of  the  plane.  The  other  place  I  refer  to  as  indiitatiug  ibe 
substitution  of  a  plane  for  locks  is  at  the  mouth  of  Castleman  River.  The  uae  of  a 
plane  at  this  point  would  save  1102,343,  as  found  above.    These  items  of  difference  in 
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cost  Hftgregate  $2,346,279.15,  whioh  is  applicable  to  the  reduction  of  the  cost  of  the 
canal  as  cBtiraalied  in  my  foTmer  report,  reducing  the  cost  tram  |19,937,385  to 
917,691,006,  a  reduction  of  11.25  per  cent.;  a  Hum  that,  rated  aa  an  invested  capital,  at 
6  per  cent,  per  annum,  is  eqnal  to  a  saving  of  4134,776.75  iu  annual  expense  of  main- 
taining the  canal. 

This  nharacter  of  inclined  plane  could  alM  be  applied  on  the  Wills  Creek  section  of 
the  Wills  Creek  rante  nnder  veiy  similar  conditions,  as  will  be  seen  by  reference  to  tbe 
report  of  tlie  Board  of  Internal  Improvementa,  "  eastern  portion  "  of  middle  diviaion. 


Id  detemiolDg  the  work  to  be  done  in  movinft  boats  over  the  plane,  the  weight  of 
the  boat  is  talien  at  30  tons,  tbe  weight  of  the  cargo  at  120  tons,  and  tbe  carriage  at  35 
tons,  making  an  ajy^regate  load  of  185  tone,  or  414,400  ponnda.  Kesolving  tbie  weight 
with  reference  to  the  plane  rising  1  on  10,  we  have  for  the  pressure  perpendicular  t« 
the  plane  413,343.4  pounds,  and  for  the  weight  acting  downward,  parallel  to  the  plane, 
41,234.34  ponnda.  This  weight,  together  with  the  friction  of  tbe  load,  is  to  he  overcome 
iu  moTiDg  the  load  up  tbe  plane.  Taking  the  friction  at  eight  pounds  per  ton  of  tbe 
'weight  Dormal  to  the  plane,  we  have  for  the  rolling  friction  1,47*2,66  pounds,  which 
gives  the  force  to  he  applied  in  moving  the  load  42,707  pounds — moment  poaade — 
parallel  to  the  plane. 

To  raise  the  load  one  foot  high,  the  travel  along  the  plane  will  he  10.05  feet;  and  the 
Gorrespending  foot-pounds  will  be  429,*,f05.35.  To  move  the  boat  at  a  rate  of  Hi  miles 
per  hour  gives  a  rate  of  3.66  feet  per  second  horizontal,  or  3.685  feet  along  tbe  plane, 
and  the  corresponding  foot-pounds  are  157^5.44  pounds.  Aa  550  foot-ponnds  ore 
rated  as  one  horse-^ower,  we  require  286.30  horse-power  to  move  the  load  3.6S5  feut  in 
one  eecood,  or  to  raise  it  one  foot  high  in  one  second.  Adding  live  per  cent,  for  friction 
of  machinery,  we  get  quite  nearly  300  horse-power  as  tbe  measure  of  work  per  second 
reqnired  for  the  turbine  motor. 

To  determine  the  diameter  of  the  turbine  to  do  thia  work,  and  the  quantity  of  water 
expended  per  second,  iu  cubic  feet,  with  a  height  of  bead  of  64  fuot,  wa  have,  bj  the 
iurmiilas  and  proportions  deduced  from  the  Lowell  hydraulic  ox  peri  in  cuts,  (by  Mx. 
James  B.  Francis,  C.  a.,)  for  the  diameter  of  the  turbine  3.71  feet,  and  the  water  dis- 
charge S6.2fi  cubic  feet  per  second.  To  move  the  carriage  over  the  distance  from  the 
average  place  at  the  foot  of  the  main  plane  until  the  rear  wheels  are  over  the  crest  of 
the  planes  toward  the  upper  pool,  whence  tbe  force  of  gravitv  will  take  it  t«  the  foot  of  ' 
that  plane,  a  disUuce  of  «25  feet,  will  require  3.75  miuntes'  time  and  expend  12,433 
cubic  feet  of  water.  [These  formulas  consider  the  useful  effect  of  the  tnrbiue  as  0.75 
of  that  due  to  the  hydraulic  head.] 

As  turbines  are  so  arranged  that  the  erpenditure  of  water  is  in  proportiop  to  the 
'work  done,  we  have  an  expenditure  of  4,368  cubic  feet  of  water  to  draw  aa  empty  boat, 
6&  tons,  (with  carriage,)  np  the  pi  an  e,  and,  to  move  the  same  loads  from  the  upper  pool 
over  tbe  creet  of  the  plane  a  distance  of  200  feet,  we  have  an  expenditure  of  3,014 
cubic  feet  for  a  loaded  boat,  and  1,059  cubic  feet  for  the  empty  boat.  These  quantities 
need  not  be  necessarily  fully  expended,  as  a  part  of  the  work  is  done  iu  moving  the 
load  over  whatever  distance  the  rear  trucks  of  the  carriage  may  be  from  the  foot  of 
the  plane  when  tbe  movement  begins,  and  in  carrying  the  rear  tracks  of  tbe  carriage 
ever  the  ci-est  of  the  plane ;  times^in  'which  the  lull  power  of  the  tufbine  is  not  re- 

The  movc^inent  of  boats  np  or  down  the  slopes  of  a  canal,  whether  operated  by  planes 

or  by  locks,  are  somewhat  analogous.  When  tbecanalisoperated  by  looks,  eachloaded 
boat  passing  up  tbe  canal  draws  from  the  upper  pool  one  lockfuf  of  water,  pins  the 
boatTs  dispfaoenient,  and  an  empty  boat  one  lockfnl,  pins  its  displacement ;  and  in 

Eaasing  down  the  canal  each  boat  drawe  oS  irom  the  upper  pool  a  lockfnl  of  water 
■as  its  displacement,  when  the  locks  are  found  empty  j  but  if  the  looks  are  found  full, 
the  down-going  boats  will  force  tbe  quantity  of  their  dUplaoement  out  of  the  locks 
into  the  upper  pool.  [A  lockfnl  of  water  is  considered  as  part  of  the  lower  pool.]  In 
the  case  of  the  looks  under  eonsideration,  the  prism  of  lift  contains  12,000  cubic  feet, 
and  a  loaded  I>oat  displaces  its  weight  of  150  tons,  5,391  cubic  feet,  and  an  empty  boat 
its  weight  of  30  tons,  1,076  cubic  feet,  of  water ;  and  iu  making  a  comparison  of  the 
expenditure  of  water  in  tbe  two  systems  of  working  the  caoal,  the  displacement  of  tbe 
down  ward-going  boats  will  be  credited  for  the  case  of  Ending  full  locks. 

To  make  the  conditions  of  comparison  equable  in  tbe  two  systems,  we  will  Srst  con- 
sider the  expenditure  of  water  by  four  boats  (two  loaded  and  two  empty)  going  up, 
and  two  loaded  aod  two  empty  guiog  down,  giving  the  benefit  of  full  looks  to  one 
loaded  and  one  empty  boat  going  down 
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Tvo  ludHl  bofltfl  (EolDg  np 

Two  empty  bonU  gotnE  up 

Loaded  Ewaldown,  (lock  enptyj... 
Eruplj  boat  down,  (lock  eroply) . . . . 

Loaded  boat  down,  flock  Ia\\) 

Bmpty  boat  dowD.  (lock  fall) 

ToUUfoielKlitboaU 

Qfvlng  an  arania  Tor  each  boat . . 


Bhowing  a  (lifferenca  of  42  per  cent,  iu  Tavor  of  tlie  iuclined-pUne  sjHtem. 

If,  for  a  BeooDd  eompftriMiii,  we  oooiider  oqly  loaded  boKte  goine  in  eiicL  direetaan, 
takiDft  for  eiomple  two  boats  eacb  way,  and  giving  oDe  boat  Ibe  benefit  of  finding  » 
fnll  luck  going  ctowu,  we  find  aa  fullowa; 
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Phowinji  a  difference  of  14  per  ceut.  in  favor  of  tbe  in cli Dad-plane  ayetem. 

If  we  apply  tbiB  raetbodof  oonipariaouof  thseipenditureof  waterto  the  su  mini  Herd 
of  Ibe  catiul,  we  tibull  tiud  that,  wben  we  oooai  der  the  ayHtam  of  inclined  pisaea,  ewh 
'loaded  boat  pasaing  tbo  summit  drnwB  off  from  the  aammit-level  15,447  en  bio  feetof 
water,  and  eacb  empty  boat  5,427  cubic  feet  of  water,  in  the  operation  of  tbe  two  snm- 
mil-levol  planeit,  aii  average  'of  10,437  cubic  feet  to  eacb  boat ;  and  if  we  take  the  cwa 
of  tbe  lucks,  eacb  boat  parsing  tbe  summit,  loaded  or''  empty,  draws  off  either  24,000 
cubic  feet  or  12,000  cubic  feet,  aa  the  lock  by  wbtcb  the  boat  leaves  the  aummit-letd 
is  fonnd  empty  or  full,  an  avera^o  of  16, 000  cubic  feet  for  eacb  boat,  a  saving  in  the  h- 

Cuditui'H  of  water  of  42  per  cent,  in  favor  of  inclined  planes.  If  we  coosider  only 
ided  Iwats  paasing  tbe  summit  we  find  for  the  inclined-plane  system  an  expenditnre 
o£  15,447  cnbio  feet  of  water  for  eacb  boat,  and  for  the  lock-aystem  an  av  erage  (^ctinl 
of  lOgliuO  cubic  feet,  or  14  per  cent,  in  favor  of  the  inclined  plane.  This  is  tbe  best  jmi- 
(ioal  comparison  that  can  be  made  in  favor  of  tbe  look-aystem,  and  shows  that  tb  e  ex- 
penditure of  water  by  this  system  of  inclined  planes  is  HG  per  oent.  of  tbe  expendltm* 
by  locks. 

Tbe  moAt  favorable  asaumption  that  can  be  made  in  favor  of  locks  is  that  which  pre- 
sumes that  tbe  boats  alternate  in  direction  regularly  and  ootitiuuonBly  day  hj  day.  and 
mnnlh  hv  mouth,  tbrougbont  the  seaBOu,  in  which  case  each  boat  would  expend  lm( 
one  lockflil  of  water  in  pasaing  the  BDmrnit-level ;  bat  this  reourrcnon  of  boats  is  not 
prtwutiiuUle,  and  any  derangement  of  this  order  for  one  day  ia  not  compensated  by  s 
similar  disorder  of  recurrence  on  following  days,  and  consequently  preanming  that  two 
boats  may  go  in  one  direction  to  one  boat  in  tbe  contmry  direction,  one  and  on»-half 
lockfuls  of  water  ve  eetimat«d  to  be  expended  by  each  boat  passing  the  sammit-level. 
This  irregularity  of  directions  of  boata  inereases  the  expenditure  of  water  at  the  sum- 
mit by  50  per  cent,  in  the  lock-Byatem,  bat  with  the  ayst«m  of  inclined  planes  eneh  ir- 
regnlarlty  in  directiou  makes  no  change  in  the  qaantitv  of  water  expended  at  the  aniti- 
mft,  tbue  avoiding  any  doubt  aa  to  tbe  enpply  ni^aired  for  a  given  numtter  of  ba«t«,  aa 
each  boat  requires  a  given  expenditure  in  passing  the  anmmit-tevel.  Iu  the  cue  bf 
locks,  if  twenty  or  thirty  boats  sbonld  pass  the  summit  iu  the  same  direotion  and  fol- 
lowing each  other  they  would  eaeb  expend  two  lookfula  of  water,  or  more  th»n  donbls 
tbe  quantity  that  would  be  expended  by  the  some  number  of  bcnats  pauing  intheaame 
OTder  by  tbe  syatem  of  planes. 

There  ia,  however,  a  general  condition  of  commercial  transportatioD,  which  oomid- 
ered  aa  a  basis  of  comparison  between  these  ayatems  of  operating  tbe  canal  with  espe- 
cial regard  to  tbe  expenditure  of  water  in  ita  daily  operatioua,  gives  great  weight  to 
the  system  of  inclined  planes. 
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.  Tbe  movenient  of  freisbta  between  the  East  anil  the  West,  b;  the  lines  of  transport- 
atioD  ijreody  eetablished,  ehoirB  that  the  freights  eastward  are  greatly  iu  ezcexB  of  th« 
freights  webtward,  in  tbe  proportion  of  about  6  to  1.  This  iodicates  that  abont  six 
loaded  boat8  would  go  eastward  to  ooe  loaded  westward,  that  five-Bixtbs  of  the  boata 
Koiag  westward  would  be  empty,  and  all  goin^  eastward  would  be  loaded,  consequently 
«r«  may  preeume  that  of  twelve  boats  passing  the  aummit-level  of  the  Cviual  seven 
inay  be  considered  as  loaded  and  five  may  be  considered  aa  empty.  By  the  systeni  of 
locks  each  tmat  passing  tbe  an  mm  it-lev  el  will  have  an  average  expenditure  of  Iti.DOO 
cubic  feet  of  water,  or  ^16,000  cubic  feet  for  tbe  twelve  boats,  but  by  the  system  of 
inclined  planes  tbe  seven  loaded  boata  will  expend  I0S,]39  cubic  feet  and  tbe  fiva 
empty  boata  will  expend  37,12.'>  cubic  feet  of  water,  a  total  of  135,254  cubic  feet,  an 
Average  of  11,271  cubio  feet  f,ir  each  boat,  or  oaly  Bi  per  cent,  of  the  expeuditnre  by 
locka.  Upon  tbia  bypothesis  of  the  movement  of  boatbloaded  and  empty,  the  quantity 
of  water  required  for  operating  the  inclined  planes  may  be  determined  definitely  for 
apj'  given  number  of  txiata,  and  generally  the  quantity  of  supply  of  feed-water  at  tbe 
«unimi(  may  be  determined  upon  tbe  baaia  of  tonnage  per  annum  ;  100  Imats  would 
carry  (&H  lieiog  loaded  and  42  empty)  6,'J60  tons,  and  expend  1,127,117  cubic  feet  of 
water,  about  leS  cubic  feet  per  ton,  varying  aa  tbe  tonnage  ;  whereaa,  on  the  contrary, 
by  the  lock-Byat«m  tbe  100  iMnts  paaaiug  the  aummit  would  expend  equal  qnantitlee 
ef  wftter  wbetlier  loaded  or  empty. 

It  may  be  further  remarked  that  by  the  system  of  planea  the  loaa  by  leakage  at  tbe 
locka  would  be  entirely  obviated  nt  the  aummit-level,  an  insignificant  quantity  proba- 
bly, but  yet  worthy  of  being  noted. 

Referring  again  to  the  comparison  of  quantities  of  water  expended  at  planea  and  at 
locka  in  the  eastern  slope  of  the  canal, and  applying  the  hypotbeaia  of  non-balaDce  of 
freights  eastward  and  westward,  we  find  that  six  loaded  boats  passing  eastward,  and 
one  loaded  and  five  empty  ouea  passing  westward,  will  expend  52,^7  cubic  feet  of 
water,  and  by  the  same  movement  of  boats  through  a  lock  by  the  favorable  condition 
of  three  eastward  boata,  finding  full  looks,  there  will  be  expended  71), 357  cubio  feet  of 
water,  nearly  one-half  more  than  the  quantity  expended  by  the  inclined  plane.  Ttlia 
featnre  of  tlie  comparison,  together  with  the  absence  of  leakage  at  the  euoiiu it-locks, 
ehowa  that,  in  the  ajstem  of  inclined  planes,  the  storage  water  iu  the  snmmit-lBvel  ii 
under  better  control  in  tbe  mBtt«r  of  its  distribution  down  the  slope  of  the  canal,  sav- 
ing in  the  last  CHse  33  percent  of  the  water  expended  by  the  system  of  locka,  under 
tbe  same  canililion  of  tonuage.  This  featnre  gives  great  weight  to  tbe  syntem  of  iu- 
clined  planea. 

The  local  conditiona  in  regard  to  these  comparisons  are,  on  the  Savage  River  section 
of  the  cauBJ,  especially  favorable  to  the  system  of  inclined  planes. 

EFFECT  OS   THE   TOKSAGB   CAPACTTV  Of  TlIB   CANAL. 

It  was  shown  in  my  foniier  report  tbat  tbe  tonnage  capacity  of  the  canal  is  depend- 
ent on  the  facility  for  passing  boats  at  the  restricted  points  as  at  the  locks,  and  was 
fqusl,  onder  ordinary  circn instances,  to  about  eight  boats  per  hour,  and  \'J2  per  day. 
Upon  the  basis  of  movements  of  freights  eastward  and  westward,  given  above,  seven- 
twelfths  of  these — 12  boats — are  loaded,  aKgregating  a  tonuage  of  4,032,000  tonnage 
for  B  season  of  300  days.  Iu  the  case  of  the  inclined  planes,  boats  can  be  passed  up 
(and  down)  over  a  distance  of  930  feet  in  4.4  minutes,  allowing  for  time  to  eet  into  tbe 
carriage,  say  ten  boats  per  hour,  increasing  tbe  capacity  25  per  cent.  With  regard  to 
the  convenience  of  passing  boats  at  a  plane,  it  may  be  readily  shown  tbat  tbey  cau  l>e 
passed  over  the  plane  in  one-balf  of  the  time,  or  in  any  other  ratio,  by  the  same  expend- 
iture of  water,  by  increasing  the  power  of  the  turbine  motor. 

If  dunble-traok  planes  were  apnlicd  to  the  canal  at  tbe  increased  cost  of  50  percent., 
the  capacity  is  to  some  extent  unllmiteil,  and  ten  boats  could  be  paased  in  each  direc- 
tion iu  each  hour,  doubling  tlie  capacity  last  stated,  which  would  give  4H0  boats  per 
day,  aud  144,000  boats,  lT,2riO,000  tons,  per  annum  of  a  season  of  300  days. 

XCONOMT   OF  TIME  IN   TSA^iePOItTATION. 

To  determine  tbe  time  of  transit  over  a  canal  operated  by  locks,  the  time  taken  up 
in  slow  Ids  up  the  boat  to  enter  tbe  lock,  and  tbe  time  taken  up  in  getting  under  way 
asMin  at  ilie  tisaal  speed,  most  be  takeu  into  tbe  aocount  as  tbe  meaus  of  determining 
tbathueloM  by  retardation  of  speed,  Bswellasthetimereqnired  in  locking  through.  £ 
like  onioantot  retardation  takes  place  in  passing  a  plane,  aa  thsl>oat  must  come  very 
nearly  to  a  dead  stop  in  entering  the  carriage,  bat  by  good  management  the  boat  may 
be  made  to  leave  tbe  carriage  with  tbe  aommuDicatedvelooityacqulred  in  passing  over 
the  plane— 2i  milee  per  boar. 

[This  is  the  practice  on  the  Honis  Canal.] 

To  determine  the  time  consamed  at  locks  in  retardation  and  locking,  we  may  take 
the  operation*!  on  the  completed  canal  as  a  basis.  Under  the  most  favorable  conditions 
of  the  lock  being  open  to  an  appToaching  boat,  the  tow-tine  is  cost  off  at  the  distance 
of  ^0  feet  from  the  lock,  and  the  boat  conies  to  a  stop  when  in  the  lock,  and  we  will 
asenme  that  an  equal  distance  is  required  to  get  uuder  way  again  at  the  uanal  speed. 
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Tbe  lock  for  this  pnrposii  is  taken  to  be  120  feet  long ;  and  tfae  distaoce  occnpicd  in 
slowiDg  np,  locking,  Hnd  getting  nnder  iray  again  is  therefoFe  f^  feet  at  emd  lock. 
The  nBual  speed  acquired  over  the  canal  between  locks  is  two  milea  per  boor,  ruely 
faster.  Loaded  boats  make  the  trip  Trom  Cumberland  to  Georgetowa,  a  diitAncc  of 
164.5  miles,  in  4^  daya,  passing  throngU  74  locka,  making  an  arerage  speed  of  1.7  uiiks 
per  hoar. 

The  total  dialances  taken  to  alow  np,  lock,  and  get  under  way  are,  for  74  locks,  60,6^ 
feet,  leavin);  913,4M>  feet,  over  whick  the  hpeed  of  two  miles  per  hour  JH  made,  leqnir- 
ing  86j  hours  of  time,  and  the  time  remaining  of  4^  days,  21^  hours,  is  taken  up  at  the 
locks  in  retardation  and  locking,  equal  to  17-i^  minutea  at  each  lock,  in  paaning  aver 
R30  feet  of  distance.  To  render  this  case  aomewbat  more  favorable,  we  will  asaame 
that  but  15  minutes'  time  are  taken  up  in  Blowing  np,  looking,  and  getting  nnder  way. 

In  applying  these  measures  of  time  to^  the  portion  of  the  canal  between  Cumberland 
and  ConnellBville,  via  tbe  Savage  River  route,  we  will  consider  it  in  characteristic 
section.  Connellsville  to  mouth  of  Pin ey  Run,  6d  milea,  with  134  locks;  Piney  Rua  U 
month  of  Savage  River,  twenty-eight  miles,  with  156  locka ;  and  Savage  Uiver  to  Cnm- 
berlaod,  thirty-one  miles,  with  42 locks. 

In  passing  over  the  first  section  of  68  miles,  a  boat  will  take  up  33.5  hours  in  passing 
134  locks  and  109, 6H0  feet,  leaving  249,160  feet  to  be  passed  over  at  the  rate  of  two  miles 
pel  hour,  requiring  33,6  hours,  a  total  of  57.1  houra  for  thia  facction.  On  tbe  middle  sec- 
tioD,  di^clucting  the  tunnel  summit-level  of  5  milea  length,  which  will  he  pasae<!  in  2.5 
boars,  :i9  hours  will  be  taken  to  pass  156  locks  and  127.920  feet  of  distance,  equal  la 
24.23  miles,  1.23  miles  more  than  the  distance  to  be  paased  over  on  this  section,  exclu- 
sive of  the  tuunel.  The  reason  for  this  result  is  that  tbe  distanoea  between  the  locki 
average  abnut  660  fcnt,  40  feet  less  than  is  assumed  to  be  taken  up  in  gutting  under 
way,  and  Hlowiug  up  to  enter  the  next  lock,  and  tbe  boat  does  not  get  the  speed  of  iwo 
mi  Us  per  hour,  an  assnmnl,  but  in  the  half  distance  between  looks  will  acquire  a  speed 
of  1.89  miles  pRr  hour.  [As  we  have  assnmed  nearly  'H  minutesless  time  at  looks  than 
was  found  by  tlio  basis  of  times  on  Ihe  portion  of  canal  in  operation,  we  may  disregini 
this  saving  i)F  a  fraction  of  a  Diinute.]  The  whole  time  on  this  section  is  41.5  haai^ 
Tbe  time  occupied  iu  passiug  over  the  section  from  the  mouth  of  Savage  River  to  Cum- 
berland, we  have  10.5  hours  to  42  locks,  and  34.440  feet  of  distance  and  1^24  hours  to 
pass  over  tbe  remaiuiug  139,240  feet  or  24.48  miles,  makingfor  this  section  2:2.74  houn, 
and  for  the  whole  distance  between  Cumberland  and  Connellsville,  121.34  hours,  a  ratr 
of  1.05  miles  per  hour.  If  the  17.4  minutea  found  to  be  occupied  at  each  lock  had  Iwen 
used  in  these  calculations  the  time  would  have  been  found  to  have  been  13.2^  haan 
more,  or  134.62  hours. 


The  timo  required  for  the  passage  of  boats  along  the  canal  where  incline^l  plane;  ar^ 
used  is  to  bu  deCurniined  in  tlie  same  matitier  as  fur  tbe  system  of  locks.  Eijual  limrt 
and  distnncus  are  taken  up  in  slowing  np  to  enter  the  carriage,  as  in  tbe  case  of  lock». 
but  no  time  is  lost  in  retardation  in  ;;etting  under  way  again.  If  a  boat.  moviD);at 
tbe  rate  of  two  milce  per  bour,  comes  to  a  stop  in  350  feet  when  the  propelling  power 
is  stopped,  the  average  rate  of  speed  has  beea  one  mile  per  bour  for  the  350  feet  of  dis- 
tance and  the  time  4  minutes,  quite  nearly.  In  the  calculations  for  determining  tbe 
expenditure  of  water  in  paasing  tbe  plane,  tbe  rate  of  two  and  one-half  miles  per  hoar 
was  aasiimed,  and  to  paas  from  the  upper  to  tbe  lower  pool,  or  rice  rena,  a  distance  of. 
say,  990  feet,  the  time  will  be  4|  minutes,  making  Sj  mlnates  for  the  time  taken  at 
each  plane  to  pass  over  a  distance  of  1,340  feet. 

Considering  tirat  the  section  between  the  month  of  Piney  Run  and  tbe  moutli  oi 
Savage  River,  a  distance  of  twenty-eight  milce,  with  20  planes,  we  have  for  the  time 
occupied  at  planes,  2.83  hours  and  S6,800  feet  of  distance,  and  tberemaiuing  dtstanc« 
22.92  milea  is  passed  over  in  11.46  hours,  and  the  section  is  passed  in  14.3  boors,  ^a 
saving  in  time  of  27 .2  hours  on  this  section,)  with  a  rate  of  two  miles  per  hour,  quite 
nearly,  the  section  being  parsed  as  if  it  were  one  coatiniioia  unobiirueted  levtl. 

The  saving  of  time  at  the  other  points  named  would  be,  at  the  month  of  Castlenian 
River,  dilfcreoce  between  2  hours  occupied  at  the  eight  locks  in  going  over  li,5^  feel 
and  H|  minutes  and  29.4  minutes  (37.9  minutes)  to  pass  the  same  distance  by  the  plane, 
a  saving  of  1.37  hours, 

At  tbe  Ohio  Pyle  Falls,  a  plane  of  96  feet  lift  would  give  a  distance  of  1,310  fe«t  to 
be  passed  in  6  niinnt««,  and  1,660  feet  in  ID  minutes;  12  locks  wonid  required  boars  of 
time  to  0,840  feet  of  distance,  while  in  passing  this  distance  with  the  plane  bnt  SAj 
minutes  would  l>e  taken,  saving  here  2.06  hours  ;  and  the  whole  time  that  would  l>r 
saved  between  Connellsville  and  ComlKriand  is  30  hours  and  38  miontee,  (equal  to  a 
shortening  of  tbe  canal  by  61.26  mi1i«,)  making  the  time  from  Connellsville  to  Cam- 
berlund  94  hours,  only  four  days,  and  the  average  speed  1.35  miles  per  hour.  If  tbe 
time  of  pawing  locka  as  found  by  tbe  operations  of  the  canal  in  use,  had  been  used,  the 
saving  iu  time  would  have  been  almost  4|  days. 

It  is  quite  probable  tb at  planes  could  be  introduced  at  otbec  places  on  the  canal,  bnt 
the  surveys  are  not  made  in  snch  detail  as  to  determine  this. 
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From  the  above  dincnssioD  of  plaiiea  and  locks  it  is  appareot  that  if  planes  of  hinhei 
lift  could  be  used,  the  economy  of  time  and  cost  Tiould  be  f^reater  yet  ;  and  that  were 
the  canal  operated  to  its  fall  capacity  with  planes,  the  planes  could  be  double-tracked 
at  an  increased  cost  not  exceedinK  40  pec  ceuL  of  the  cost  of  the  single-track  planes, 
which  would  establish  a  double  line  of  boats  mnvinj;  in  opposite  directions  as  fast  aa 
two  miles  per  hour  over  the  mountain  section  ;  nor  would  the  double-track  planes  ex- 
pend as  much  water  in  operating  the  turbines  as  wonld  the  single-track  planes,  because 
the  load  to  be  moved  np  or  down  the  plane  would  be  conuterbalanced  by  35  tons,  or 
GO  tons,  or  185  toni  ;  and  in  all  cases  33  per  cent,  of  a  saving  in  work  wonld  take  place ; 
aod  in  the  case  of  the  movement  of  two  boats  at  the  same  time,  one  or  the  other  of  the 
boats  might  be  Kaid  to  have  been  moved  without  any  expenditure  of  wat«r  ;  and  for 
the  cose  of  six  loaded  boats  down,  or  eastward,  and  one  loaded  boat  and  Ave  empty 
ODes  westward,  on  the  Savage  Kiver  section',  if  the  boats  could  be  moved  over  tbe 
planea  in  pairs,  the  expenditure  of  water  would  be  for  theQve  empty  boats  up,  and  the 
one  loaded  one,  36.204  cubic  feet,  or  au  average  of  3,iM)l  cubic  feet  for  each  boat  as 
compared  with  4,:)63  cubic  feet  for  each  boat  as  found  for  the  single-track  p!ane,a  sav- 
ing, again,  of  nearly  one-half  of  tbe  quantity  estimated  for  the  operation  of  single- 
track  planes. 

Id  the  operations  of  the  double-track  plane,  when  two  boats  were  to  be  moved  at  the 
same  time,  double  work  wonld  have  to  be  done  in  moving  the  boats  over  the  length  of 
the  upper  plane,  and  for  this  purpose  a  turbine  of  double  the  power  Bgnred  for  the 
aingle-track  plane  would  be  refjuired  with  double  the  expenditure  of  water  foe  that 


time,  and  this  double  expenditure  is  cousidered  in  the  calculation  of  the  last  averase 

auautit;  of  ii,901  cubio  feeL    Fixed  oaissous  carrying  water  in  which  the  boats  may  br 
oated  while  passing  over  the  plane,  have  been  need,  aa  noted  in  the  beginning  of  this 


report.  Such  au  arrangeinent  would  add  the  weight  of  caisson  to  the  lo^  b 
moved  and  also  the  weight  of  water  required  to  float  tbe  boat,  which  would  be  an  au- 
ditional  load  of  about  115  tons,  and  would  require  au  additional  expenditure  of  water 
in  tbe  same  ratio  for  like  movements  oi  boats.  In  tbe  case  of  a  double-track  plane  witli 
calsaoliB,  the  same  increase  in  expenditure  of  water  would  be  necessitated;  but  in  tbe 
case  nnder  discussion,  that  system  of  ar  "augement  musi  be  established  that  expends  the 
least  quantity  of  water. 

In  whatever  manner  tbe  comparison  may  be  made  between  tbe  lock-system  and  tbe 
iueliued-plane  system,  either  of  single  locks  and  single-track  planea,  or  of  double  locks 
and  double-track  plaups,  the  ocouomj  in  construction  and  in  the  expenditure  of  wat«r 
is  pre  eminently  in  favor  of  the  inclined  planes. 

Stationary  Hleam-euginoa  conid  be  substitute*!  for  the  turbine  motors,  bnt  their  cost 
wonld  be  |t5,U0U  additional  at  each  plane.  They  would  be  more  liable  to  accident, 
And  require  skilled  superintendence  and  the  constant  expense  of  fuel,  while,  nn  the  con- 
trary, they  would  avoid  the  expenditure  of  water  needed  to  operate  tbe  tnrbiDSS. 


Taking  tbe  operations  of  tbe  completed  canal  between  Cumberland  and  GeorgetowD 
»s  a  basis  of  cost,  a  careful  analysis  of  the  cost  of  traosporting  oohI  shows  a  cost  of  0,4 
cent  per  ton  per  mile,  exclusive  of  tolls,  when  the  rate  of  trttusporbation  is  1.7  miles 
per  hour,  or  at  tbe  rate  of  O.SH  cent  per  hour  of  time,  and  conseqaently  a  saving  of  30| 
Aonrs'  time  works  a  saving  of  30.8  cents  per  ton  between  Coauellsvillu  and  Cnniber- 
land,  an  equated  saving  of  iifty-two  miles  in  distance  by  tbo  system  of  inclined  planes, 
Id  comparison  with  tbe  system  of  lift-locks  as  herein  coiupured. 
Very  respectfully. 


Moj.  Wm.  E.  Merrill, 

P.  S.  Engitifm,  llreret  Colonel,  U.  S. 


Thojjas  S.  Srdowick. 


N  9- 

survey  of  the  youghiogheny  river,  penksylvasia. 

United  States  Engineer  Office, 

Cincinnati,  Ohio,  Augmt  14, 1874. 
Geseeal  :  1  have  the  honor  to  forward  herewith  Lientenant  Mahan'9 
reiMJrt  ou  the  survey  of  the  Yoiighiogbeny  Kiver,  as  ordered  by  tLe  act 
,of  March  3, 1873. 

The  cause  of  the  delay  in  getting  thia  report  before  Congress  is  ex- 
plained in  tbe  report  itaelf. 
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Haring  no  specinl  instrnctioiis  asto  tlie  limits  of  the  snrvey  I  directed 
Lieateuant  Mahan  to  comnieiice  at  West  Newton  aud  work  down  stream 
to  the  mouth  of  the  river.  I  selected  West  Newton  as  the  starting 
point  because  I  understood  that  the  wishes  of  those  at  whose  instaoce 
this  survey  was  ordered  were  to  have  an  extension  of  the  Monongahela 
slack-water  system  up  the  Youghioglieny ;  and  therefore  I  thought  it 
best  to  limit  the  survey  to  a  length  of  river  that  could  be  esamiue<l 
thoroughly,  and  not  to  go  above  a  point  that  could  be  reached  by  three 
dams  of  lU  feet  lift  each,  believing  that  there  would  l>e  ample  time  to 
continue  the  survey  after  these  dams  were  built.  I  had  no  iustruetiou^ 
to  make  this  survey  a  part  of  the  examination  for  the  extension  of  tlie 
Chesapeake  and  Ohio  Canal  route,  and  therefore  treated  the  question 
aa  a  purely  local  one; 

Affer  the  estimate  for  an  improvement  by  permanent  dams  bad  been 
made,  I  directed  Lieutenant  Mahau  to  make  another  estimate  for  the 
construction  of  movable  dams,  on  the  model  of  that  across  the  Seineat 
Port-i  I'Anglais.  I  did  not  expect  that  -this  system  could  be  advun- 
tageously  applied  to  the  Youghiogheny,  but  I  thought  that  it  would  be 
a  valuable  study  for  similar  work  on  the  Ohio. 

The  month  of  the  Youghiogheny  is  in  the  second  pool  of  the  Mooon- 
gahela,  and,  theretore,  boats  descending  the  former  stream  must  pass 
two  locks  before  reaching  free  navigation  in  the  Ohio.  For  this  reaiwu, 
and  for  its  increased  cost,  I  would  not  recommend  an  improvement  on 
the  Youghtogheny  by  movable  dams. 

The  most  serious  question  in  improving  this  river  comes  from  the 
scantiness  of  its  water-supply  in  summer.  On  this  account  the  esti- 
mate for  lock-foundations  is  particularly  large  in  order  to  reduce  leakage 
to  the  minimum. 

The  estimated  cost  of  slack-water  to  West  Newton,  by  three  loclis 
and  dams  of  10  feet  lift  each,  is  #683,023.21.  This  is  a  larger  estimate 
than  is  usual  for  such  locks  and  dams,  but  it  will  be  seen  on  ezamiDa- 
tion  that  the  increase  of  cost  arises  from  the  defective  character  of  the 
foundations. 

Accompanying  this  report  are  fourteen  sheets  of  maps,  giving  the 
plat  of  the  part  of  river  surveyed  on  the  scale  of  1  inch  to  200  feet, 
Its  longitudinal  profile,  and  various  cross-sections.  There  is  also  a  sheet 
on  which  is  shown,  on  a  small  scale,  the  kind  of  movable  dam  on  which 
the  estimate  was  based.  The  movable  parts  are  Chanoine  wickets,  and 
the  arrangement  is  similar  to  that  adopted  at  Fort-iV  PAnglais  on  tbe 
Seine  just  above  Paris. 

liespectfully,  your  obedient  servant, 

Wh.  E.  Mebkili., 
Major  of  Engitteers,  U.  8.  A, 

Brig.  Geu.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A. 


Seporl  of  Lifut.  F.  A.  Mahan,  Corp*  of  Engineer*. 

UsiTED  States  EsonraER  Office. 

Cincinnati,  Jolg  2S,  1ST4. 
Bm :  I  havn  the  limior  to  submit  the  following  report  of  the  earvof  of  the  Tonghiit- 
ghetij  River  from  West  Newton  to  McKeesport ; 

Having  been  ordered  for  tempornry  diitv  to  the  Atlontie  coaet  just  two  weeks  «n«f 
my  return  to  tliia  oflice,  and  not  having  btid  with  nM  anv  luapa  or  other  data  tioin 
vhich  a  report  could  be  prepared,  I  have  beeu  uouipelled  to  waitnntll  the  pKwnt 
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time  before  completiag  it,  aa  apoD  my  retorn  I  fanad  that  certain  additioDS  bad  ti 
made  to  the  maps,  tbe  data  for  whicb  were  to  be  found  ouly  in  my  own  note-book. 

Tbe  act  of  Cougreaa  approved  Murcb  3,  lUTi,  ceadu  as  folluwo,  in  ao  fitr  i     *' 
this  work : 

"  Sec  3.  That  the  Secretary  of  War  is  hereby  directed  to  caase  examinations  or  sur- 
veys, ur  both,  to  be  made  at  tbe  followiag  poiuts,  namely  :  '  '  ' 

"  The  Youghiogheuy  River,  Penuaylvonin." 

Your  orders,  given  to  me  verbally,  were  that  the  survey  should  extend  from  McKees- 
port,  at  the  month  of  the  river,  to  West  Nevrton,  about  twenty  miles  up  ;  consequently 
nothing  was  doneontttide  of  these  limtla. 

The  Yonghioghuny  rises  near  the  boundary-line  of  tbe  States  of  Maryland  and  West 
Virginia.  Its  course  is  about  due  north  aa  fur  as  Coudtience,  where  its  direction 
cbaugea  to  west-northwest,  preserving  this  general  direction  unchanged  until  it  joins 
tho  Monon^abela  at  McKuespurt.  A  fow  small,  onimpurtant  streams  empty  iuto  it 
above  Cutiuueiice,  at  nbicb  point  it  is  joined  by  itti  two  most  promiuenC  tributaries, 
Cosllemau's  River  aud  Laursl  Hill  Creek.  Below  Condueuce  three  other  streams 
flow  into  it,  bat  they  are  also  very  siuall.  Tbe  Ycmghiogheny  runs  very  nearly  paral- 
lel with  the  Monongabula ;  jnst  below  its  hoad-waterB  it  is  crosseii  by  the  IJaltimnre 
and  Oliio  Uailroad.  At  Confluence  tbe  Pittaburgh,  Washington  and  Baltimore  Rail- 
road comes  on  its  right  bank,  which  itfoUows  ttiouoe  to  McKi^esport.  Tbe  Pittsburgh, 
Wheeling  and  Baltimore  Railroad  is  a  braocb  of  the  Baltimore  and  Ohio  Bailroad, 
whieh  it  joins  at  Cumberland,  Md. 

There  are  no  towns  of  any  importrince  liotween  McKeeapoili  and  West  SewtoD.  Tht 
distances  of  the  principal  villages  from  Pittsburgh  are  aa  fullowa: 

McEoesport.  on  the  right  bank 15.7 

Bosu>n,on  the  left  banlt 19.< 

Oaceola.on  the  right  bank 21.7 

Alpeville,  on  the  tight  bank '. 22.5 

Shauer'H,  on  the  right  bank 2fi.2 

Buena  Vista,  on  the  left  bank 27.7 

Armstrong's,  on  the  right  bank 5(7.7 

Moore's,  on  tbe  right  bonk 28.8 

WeetKewtOD.on  the  right  bank 34.6 

In  times  of  very  bigh-waler  steamboats  conld  go  up  to  West  TTowton,  and  perhaps 
even  farther,  were  it  not  for  the  bridge  that  here  orosaee  the  river,  and  is  about  10  feet 
above  bigb- water. 

I  could  not  Gnd  any  data  Ibr  determining  an  average  high-water  at  West  Newton,  as 
DO  one  seemed  to  take  any  particnlar  notice  of  the  river.  The  highest  water  there 
known  occurred  on  the  7tb  of  February,  l>^,  and  stood  at  23.94  feet  above  low-water. 
This  rise  was  caused  by  an  ii^e-gorge  In  the  river  below. 

Tbe  river  in  times  past  has  been  stack- watered,  hut  I  have  so  far  been  nnable  to 
obtain  any  satisfactory  information  about  its  history  or  its  work.  1  could  only  find 
traces  of  two  locks  and  dauie,  one  about  a  mile  below  Osceola,  the  other  at  Buena 
Vista,  bnt  they  bad  long  been  lying  in, ruins,  tbe  dams  completely  broken  through, 
and  the  locks  almost  totally  destroyed.  Nothing  of  tbem  is  now  standing  save  small 
portions  of  the  chamber- walls.  So  far  as  1  conld  "earn  from  conversation  with  persons 
living  in  the  neighhorliood  of  tbe  river,  tbe  great  cause  of  failure  was  in  the  dama 
having  been  built  too  high.  What  this  height  was  exactly  I  could  not  learn,  but  tbe 
litl  fivm  pool  to  pool  was  about  13  feet. 

Tbe  survey  was  made  in  Angnst,  September,  and  October  of  1B73.  Tbe  force  at  first 
consisted  of  Mr.  Uoag,  myselC^rid  live  men,  the  nninber  uf  whom  was  afterward  in- 
creased to  seven.  Considerable  delay  was  caused  by  the  difficulty  of  obtaining  snit- 
able  transporttttion  for  tbe  party  and  instruments,  but  work  was  finally  begun  on 
Angnst  11  and  continued  until  November  1. 

The  party  was  divided  into  two  sections.  The  first,  under  Mr.  Hoag,  took  in  tbe 
topograph icai  and  hydrographical  parts,  while  the  second,  under  iny  own  supervision, 
attended  to  the  leveling.  The  topography  was  conducted  by  the  ordinary  methods 
of  courses  and  bearings,  A  system  of  diagonal  time-aonn dings  was  made  from  West 
Newton  to  McKeesport,  and  at  ail  markeil  shoals  Hues  of  triangulated  soundings,  201' 
feet  apart,  were  run  peroendicnlarly  to  the  shore. 

Tbe  leveling  was  conducted  with  the  special  object  of  determining  the  difference  ol 
level  between  tbe  water-surface  at  West  Newton  and  the  water-surface  in  the  second 
pool  of  the  Monongnhela  slack-water  system.  Eleven  bencb-marks  in  all  were  estab- 
lished. Tbey  are  all  cut  on  rocks  and  in  the  form  of  a  Greek  cmw,  the  center  of  tbe 
cross  being  tbe  point  at  which  the  rod  shonid  be  hold.  Tbe  following  description  ol 
the  bench-marks  may  be  usiiful  for  future  refttrence : 

Ho.  1.  On  top  of  a  sandstone  gnard-post,  situated  at  tbe  intersection  of  the  onrbs  on 
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the  northeast  corner  of  Mnia  street  and  the  street  frontioK  the  river,  in  Weit  NaTton. 
The  block  is  IR  laches  bish,  horJEontaL  seotioa  14  by  H  inches,  top  face  13  b;  6  incbee, 
B.  M.  OD  top  face.  This  bench  being  the  atartinK-point  of  levels,  its  reference  nas 
arbitrarily  assumed  at  !J50.0.    All  references  in  this  survey  are  in  feet. 

No.  3.  A  cross  cut  on  tbe  sixteenth  alone  from  the  water-front,  soventb  course  rrom  the 
top,  north  side  of  the  east  abutment  of  the  West  Newton  liridge.    Reference  S48,1!)T. 

No.  3.  A  cross  cut  on  the  eighth  stone  from  tbe  water-fhint,  twelfth  coarse  from  the 
top,  north  side  of  the  east  abutment  of  the  West  Newton  bridge.    Reference  240,209. 

No.  4.  A  cross  cut,  witb  a  Bgan  4  alon^^ide,  on  a  laree  flat  stone,  nboat  two  miles 
below  West  Newton,  on  rijfht  bauk.  The  stone  is  a  little  to  the  left  of  a  line  throDgh 
the  chimney  of  a  paper-mill  at  West  Newton,  tangent  to  the  left  bank  of  the  river. 
The  stone  is  30  by  V.b  feet,  cross  is  0.32  foot  square,  figure  4  is  0.2fi  foot  long.  Refer- 
ence 234,345. 

No.  5.  A  cross  cnt  on  the  northwest  corner  of  tbe  top  found ation-conise  of  tbe  east 
abutment  of  tbe  railroad-bridge  crossing  Sewickly  Creek,  near  its  month,  may  be  known 
by  a,  large  V  cot  near  the  northeast  angle  of  the  cross.     Keference  325,030. 

No.  6.  A  cross  cut  on  a  large  stone  directly  across  the  river  from  Suter's  Pier,  at 
SntoTBville.  Reference  231,196.  This  B.M.  is  very  badly  cut,  on  account  of  thenature 
of  the  stone,  which,  being  slaty  in  its  character,  would  not  work  well  under  the  chisel. 

No.  7.  A  cross  cnt  on  a  largo  piece  of  conglomerate,  irrcffiilar  in  shape'and  reddish  in 
color.  It  is  situated  on  the  left  bank  of  the  river,  about  HUD  yards  helow  the  old  slack- 
water  dam  at  Bueiia  Vista.    Reference  211,90a. 

No.  8.  A  donble  cross  (1)  cut  on  a  lurse  on t-cropping  bowlder  on  the  left  bank  of  the 
river,  n  little  below  Robbins's  Run.  The  point  of  rest  for  the  rod  is  at  the  cross  near- 
est the  channel.     Reference  aOfi.dKi. 

No,  9.  A  cross  cut  near  the  top  of  a  large  stone  on  the  left  bank  of  the  river.  Above 
the  cross  is  an  arc  of  nine  small  holes  drilled  into  the  stone,  which  is  sitnnied  midway 
between  the  Alps  Honse  (a  large  hotel  at  Alpsville,  on  the  right  baok)  and  the 
Conltersville  Baptist  church,  a  very  prominent  frame  building,  with  long  windows, 
standing  near  the  sonthwest  end  of  Alpsville.     Reference  211,391. 

No.  10.  A  cross,  surmounted  by  a  letter  X,  on  a  flat  stone  lying  on  the  right  bank, 
between  tbe  coal-tipples  of  N.  J.  Bigley  and  Brown  &,  Cochran.    Reference  200,8(13. 

No,  11.  No  description  will  be  here  given,  ns  it  has  since  been  destroyed. 

No.  13.  A  cross  cut  on  a  large  stone  on  the  left  hank  of  the  rii'er,  almost  in  the  pro- 
longation of  Sixth  street,  McKeesport.    Reference  206,309. 

The  above  description  will,  1  think,  be  sufficient  to  enable  any  one  to  determine  tbe 
location  of  any  of  the  beuclies  without  ditficulty. 

In  determining  the  difference  of  level  betweuo  the  water-surface  at  West  Nen'ton 
and  at  McKeesport,  the  rule  was  adopted  to  repeat  on  tbe  morning  of  eaoh  day  the 
work  done  on  the  preceding  aflemiKin.  After  reaching  the  end  of  the  work,  it  was  gon» 
over  twice  from  end  to  end,  continuously,  for  the  purpose  of  checking.  On  account  of 
my  having  been  laid  up  sick,  the  final  leveling  was  done  by  Mr.  Hoag,  and  our  work 
agreed  within  five-hundred ths  of  a  foot.  The  difference  of  level  found  was  25,427  fi«t. 
From  this  subtract  1.1  feet,  the  depth  of  water  at  the  bridge,  and  we  obtain  34,^  feel 
aa  tbe  dilference  of  level  between  the  Monongahela  pool  and  the  bottom  of  tbe  river 
at  West  Newton.  A  depth  of  6  feet  at  West  Kewfon  would  give  the  water-sarface  30,3 
feet  abi)ve  the  Monougahela  pool.  This  can  he  divided  into  three  pools,  requiring  a  lift 
of  10  feet  to  pass  from  pool  to  pool.  The  remaining  0.3  conld  be  removed  by  dcedgins. 
Owing  to  the  low  stage  of  water,  the  bottom  of^the  river  was  distinctly  visible  btr 
almost  the  entire  distancu  from  West  Newtou  to  Alpsville.  The  surface  of  the  bottom 
is  formed  of  gravel,  except  iu  a  beud  just  above  Sntersville  and  below  the  old  daniK, 
in  which  localities  the  surface -stratum  was  fonnd  to  be  of  sand.  As  we  were  nnpro- 
vided  with  the  necessary  boring-tools,  we  were  unable  to  determine  what  fonnatioa 
underlay  the  bottom,  this  is  a  qneetion  that  must  be  carefully  investigated  before 
any  final  locations  for  the  locks  and  dams  can  be  decided  on. 

The  discbarge  of  the  river  waa  determined  by  Mr.  Hoag  at  Rattle's  Ripple.  He  made 
nseof  surfac6-iioat.s  over  a  couraeof40  feet  in  length,  the  average  depth  of  the  sect  iun 
being  one  foot.  The  amount  of  discharge  he  found  to  be  IH3  cubic  feet  per  second, 
which  will  give  10,I!t^  per  minute,  or  6uH,riOO  per  hour.    Now,  the  siie  of  lock  pn>- 

Esed  for  use  In  this  work  is  that  of  the  large  locks  on  tbe  Monongnhela.  The  cham- 
rs  of  these  locks  measure  250  feet  in  length  by  56  in  breadth.  These  dimensions. 
with  a  lift  of  10  feet,  give  140,000  feet  as  the  amount  of  water  roqnired  for  one  lockajte. 
About  twenty  minutes  is  needed  for  a  boat  Co  pass  one  of  tliese  looks,  or  three  boats 
can  pass  in  an  hour,  requiring  430,000  cubicfeet  of  watorin  thesanie  time,  and  leaving 
a  surplus  of  33S,8«0,  or  16  of  a  prism  of  lift.  Now,  wheu  the  river  was  gauged,  althonph 
it  was  very  low,  it  waa  not  at  its  lowest  stage,  and,  judging  by  information  fiirniahal 
me  by  the  inhabitants  in  conversation,  I  am  lucliued  to  think  tbnt  the  supply  m  a  dry 
season  must  be  so  eciint  that  it  would  hardly  be  sufficient.  Ou  this  point,  au we ver,  it 
was  inipossible  to  obtain  reliable  data,  as  the  people  living  near  the  river  do  not  seem 
to  study  its  movements  with  any  care.    Granting,  however,  tliat  this  supply  (18J  cubic 
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f«et  per  second)  ciui  be  kept  np,  it  will  be  ewily  aeen  that  the  water  mnet  be  care- 
folIyliaebftDiJed,  and  that  a  dam  of  the  very  best  deeign  to  prevent  leakage  will  be 
required,  and  that  the  fonndation  for  the  lock  most  be  made  very  tight,  in  order  tbat 
the  water  may  not  Mcape  through  it. 

To  form  three  pools  three  dams  will  be  required.  As  the  aiact  location  of  each  dam 
bsB  Dot  been  determined  on,  I  have  only  been  able  to  omume  a  length  for  each  one. 
Taking  tbat  point  on  each  pool  where  there  will  be  6  feet  of  water,  and  measuring  the 
dietanoe  finu  the  top  of  the  bank  on  one  aide  to  the  top  of  the  bank  on  the  other,  we 
find  the  anm  of  the  three  dietancee  to  be  1,800  feet,  wbiuh,  deductinfr  8a  feet  forwidth 
of  lock,  givea  the  total  length  of  the  tluee  dams  of  1,595  feet,  or  an  average  length 
of  5^  feet  for  each  dam. 

These  dams  I  propose  to  construct  as  follows:  Ist.  To  bnild  strong  timber  cribs, 
abont  6  feet  in  height  and  50  feet  in  %Tidth,  and  place  tbem  in  line  across  the  stream. 
2d.  To  driTe  a  ion-  of  heavy  square  piles  along  tbe  down-stream  side  of  the  cribe,  for 
tbe  purpose  of  keepinf^  them  in  position,  the  tops  of  tbe  piles  to  be  flush  with  the 
upper  surface  of  the  cnbs.  3d.  To  drive  on  the  ap-stream  side  of  these  cribs  two  rons 
of  d-inch  sheeting-piles  in  Juxtaposition,  tbe  roics  to  break  joints.  These  piles  to  be 
driven  so  tbat  their  tops  shall  be  flash  with  tbe  top  surfaces  of  the  foundation -cribs, 
tbe  ap-stream  row  of  sbeetinE-piles  to  snpport  the  lower  ends  of  the  timbers  compos- 
ing the  apron  of  the  dam.  4th.  Tobaild  a  strong  crib  on  top  of  these  foondation -cribs, 
and  make  It  a  continnons  stractnre  from  one  end  of  the  dam  to  tlio  other.  This  super- 
crib  to  be  10  feet  in  beizbt,  the  down-stream  side  being  built  in  three  steps  of  3^  feet 
eucb,  the  np-stream  side  being  an  apron  formed  of  heavy  timbers,  wrought  to  true 
faces,  and  laid  as  close  together  ae  possible.  The  apron  to  have  a  slope  of  1  perpendic< 
ular  to  2.5  base.  5th,  The  crest  of  tbe  dam  will  be  formed  by  a  timber  12  by  18,  thor- 
onghly  bolted  and  fastened  to  the  orib-work.  6th,  To  fill  in  all  the  crib-work  with 
riprap.  7th.  To  cover  the  entire  up-stream  side  of  the  dam  from  tbe  top  of  the  apron 
down  with  gravel,  the  top  surface  of  which  is  to  have.a  slope  of  I  perpendicular  to  6 


14,167  linear  feet  of  piles,  12i  cents  per  foot 81,770  87 

90,730  feet  (board-measQte)  sheet-piles,  at  35  cents  per  M) 3,175  30 

84^,400  feet  (board-measure)  timber  in  crib-work,  at  $35  per  H 39,604  00 

127,0U0feet(board-mea8Dre)  timber  in  apron,  at  $35  perM 4,445  00 

B33  piles,  driving,  at  $2.50  each ; 1.330  00 

1,064  slieetiog-piles,  driving,  at  12.50  each 2,660  00 

11,000  cubic  yards  riprap,  at  $1.26  per  yard 13,750  00 

10,58tj  cubic  yards  gravel,  at  4lj  cents  per  yard 4,235  20 

Total  cost  of  dam , 61,060  27 


At  the  end  of  the  dam  opposite  the  lock  will  be  an  abutment  of  stone,  eicteudiug  30 
feet  above  and  below  the  dam,  with  win^-walla  40  feet  in  leu^h.  The  abutment  is  to 
be  5  feet  thick  at  tbe  tm  and  10.5  feet  thick  at  tbe  bottom,  the  side  next  the  bank  to 
be  vertical,  the  height  22  feet.  It  is  to  rest  on  a  foundation  of  piles  in  four  equidis- 
tant rows  parallel  to  the  face  of  the  abutment,  the  piles  iu  each  row  to  be  5  feet  apart. 
A  capping-piece  IS  by  12  inches  will  be  laid  on  each  row  of  piles,  and  the  grillage  thus 
formed  covered  by  a  platform  of  5-inch  plank  laid  crosswise  upon  it.  The  top  of  the 
platform  to  be  laid  on  a  level  with  the  bottom  of  the  foundation-crib  of  the  dam.  On 
tbis  platform  will  be  built  the  abutment. 

KSTIMiTE  VOR  ABUTJIENT, 

3,040  linear  feet  of  piles,  at  12i  cents  per  foot $380  00 

9,120  feet  (board-meosure)  grillage,  at  8:J5  per  M 319  20 

9,975  feet  (board-measure)  platform,  at  S-'iS  perM 349  13  ■ 

4:W  cnbio  yards  qnarry-face  masonry,  at  $9.60 4,204  80 

aw  cable  yards  rubble  masonry,  at  $7.20 4,579  20 

5,000  cubic  yards  riprap  for  protecting  banks,  at  $1.25 6,250  00 

152  piles,  driving,  at  $2.50  each iWO  00 

iJiy in g  grillage 33  00 

Lafing  platform 70  00 

Total  for  abutment 16,505  33 

Tlie  fonndation  adoptf^  for  tbe  lock  is  similar  to  tbat  of  the  lock  recently  bnilt  at 
Henry,  on  tbe  Illinois  River,  the  bed  in  each  case  being  permeable  soil.    In  this  cane, 
however,  additional  precautions  have  been  taken  to  guard  against  leakage  on  account 
of  the  scantiness  of  tbe  water-snpply. 
Before  going  farther  it  may  be  well  to  give  a  brief  description  of  the  Henry  look. 
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This  lock  Ubailteotirely  ia  theb«dof  the  rit-er,  thecenter  line  &t  the  head  bein^^ 
feet  from  the  low-iratei  line,  aud  at  the  foot  150  feet.  The  earth  where  the  fbanditioa 
is  placed  was  first  removed  to  a  depth  of  6  feat.  Three  thousand  two  hundred  bearing 
liilee  12  inohes  in  diameter  were  driven  so  as  to  have  five  rows  under  the  entire  length  uf 
each  wall,  the  pilea  in  each  row  being  3  feet  apart,  the  remainder  of  the  piles  being  driveii 
over  the  chamhvr  space  in  seven  parallel  rows,  the  piles  in  these  rows  being  also  3  feel 
apart.  Under  the  head-bay  the  lougiladinal  rows  are  doubled,  being  fifteen  in  number. 
Jjongitndinal  foundation  timbers  12  inches  square  were  then  plucad  on  these  piles  sod 
securely  bolted  to  them.  Cross-timheis  12  iucliee  square  were  then  laid  on  these  snd 
aecnrel;  bolted  to  them,  forming  a  grillage.  The  spaoea  between  the  timbers,  and  lo  s 
depth  of  3  iocbes  below,  were  allea  with  oonorete,  thus  making  a  depth  of  concrete  ol 
27  inches.  All  the  foundation  was  then  covered  with  2^inch  plank.  Sii  roifB  ui 
Bheetlog-pllea  weie  driven  across  the  foundation,  the  piles  being  frum  4  to  6  ieet  in 
length. 

The  additions  I  propose  to  make  to  the  above  are,  to  increase  the  depth  of  concrete 
to  36  inobes ;  to  put  iu  teu  roiiTs  of  sheeting  piles-instead  of  six ;  to  iiiit  at  the  head  of 
the  lock  two  rows  of  sheetiug  piles,  H  feet  apart,  iuatead  of  one,  aud  to  fill  iu  tlie  iu- 
t«rmediate  space  with  6  fout  depth  of  concrete;  all  tlie  sheetiug-piles  to  be  10  ket 
long  instead  of  4  to  6  feet. 

As  the  lock  here  prajKised  is  smaller  than  the  Henry  Inck,  the  chamber  of  which  h 
35U  feet  by  75,  the  numlier  of  pilee  will  be  reduced  from  3,200  to  2,309. 

ESTIMATE   FOR  rOI.'SDATION   OF  JJXK  250   FEET  LONG   BY  56  FEBT  WIDE. 

46,180  linear  feet  of  pUes,  at  laj  cenU  per  foot $5,77i  50 

173,440  feet  (hoard -nieasnre)  sheeting-piles,  at  S35  per  U 6,070  IU 

49,000  feet  (hoard-measure)  aheeting-piles,  at  836  per  M ],4TU  OU 

136,000  feet  (board-measure)  lower-fluoring  course,  at  43&  per  H 4,3Ta  00 

51,050  feet  (hoard- measure)  upper-flooring  conree,  at  835  per  U ..  1,TS6  'i> 

B,4U0  feet  (board- measure)  bindiDg-strips  at  (.15  per  M .' 294  DO 

1,100  cubic  yards  of  concrete,  at  (fi  per  yard , 6,600  OU 

7,000  cubic  yards  of  earth  excavation,  at  jl  per  yard 7,000  dO 

2,309  piles,  driving,  at  $2.50  each 5,7r.i  M 

l,050  8heetpile«,  driving,  at  82.50  each 2,63S  (» 

Laying  grillage 550  00 

Laying  flooriog 1,000  «) 

Total  cost  of  foaodation 43,3lfi  IJ 

The  lock  is  to  he  of  stone.  Dimensions  of  chamber,  350  by  56  feet;  lift,  10  bet: 
walla, 33.5  feet  high,  10  feet  thick  at  top,  13.5  feet  (hick at  bottom;  350  feet  total 
length. 


3,000  cubic  yards  cut-stone  masonry,  at  Sl4. 40  per  yard |28,800  OO 

1,300  cabic  yards  qnarry-faoe  masonry,  at  S!>.60  per  yard 11,530  00 

3,513  cubic  yards  rubble  masonry,  at  {7.20  per  yard 35.^  fil 

4,000  cubic  yards  earth  filling,  at  50  cents  per  yard 2,000  00 

1  lift-wall,  167  cubic  yards  qnarry-face  masonry,  at  $9.60  pet  yard 1,603  id 

4  gates,  complete,  at  (4,000  each , 16,000  00 

Total  cost  of  lock  superstructure 85,216  50 

SUMMAKV. 

Cost  of  dam 61,060  87 

Cost  of  abutment 16,6&» 

Costof  lock  fonndation 43,316  11 

'  Cost  of  lock  superstructure -.. • .  85,316  80 

Cost  of  one  lockaod  dam,  complete 206,158  55 


ENTIRE  IMPROVKUENT. 

3  locks  and  dams,  at  $206,158.55  each 618,475  « 

Bemoving  obstacles  already  existing,  as  old  looks  and  dams,  old  bowlder, 

dams,  4,0 7,000  00 

635, 475  K 

Add  10  per  cent,  for  oootingencies 62,547  56 

Total  cost  of  improvements «••-----  ti#.<B3  31 
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will  carry  the  fnll  deptb  of  water  (6  feet)  to  tlie  lower  end  of  the  town 
of  West  NDwton.  It  ia  poa»ible  that  a  little  dredgiog  may  be  ueeded  near  Buena  Vista, 
but  it  will  be  small  iu  ainonDt,  and  as  tbe  coQStructioD  of  the  dams  meatioiied  might 
cause  the  removal  of  thU  bar  ia  order  to  secure  a  enpply  of  giavel,  no  account  lias 
been  taken  of  it  in  the  estimate, 

MOVABLE  DAMS. 

Auotber  mode  of  improvenjent,  by  means  of  movable  dams,  is  presented. 

The  system  proposed  is  the  same  as  that  adopted  at  I'oTt-ik-1'A.Dglais,  on  the  Upper 

The  dara  on  the  Yougbiogheny  will  be  somewhat  longer  than  at  Port-i^l'Angltus, 
tbe  former  heing  532  feet  aud  the  latt«r  446. 

Tbe  movable  dam  proposed  consists  of  Chanoitie  wickets,  erected  in  a  free  pass  and 
on  a  weir,  the  pasa-wickcta  being  13  feet  high  aud  the  weir-wickets  7  feet.  The  depth 
of  water  required  at  the  bead  of  each  pool  is  6  feet ;  couBequeuti;,  we  will  have  a  lift 
of  7  feet  from  pool  to  pool. 

The  pass  is  assumed  at  ISO  feet  in  width,  retguiring  thirty-eight  wickets,  and  ninety- 
five  will  1)0  required  for  the  reiuaining  3H2  feet,  which  will  constitute  the  weir,  the 
vricketB  being  taken  as  4  feet  wide. 

The  use  of  movable  dauie  rednces  the  lift  of  the  locks  from  10  to  7  feet. 

As  the  total  elevation  required  to  give  6  feet  of  water  at  West  Newton  is  30  feet,  it  is 
evident  that  live  movable  dams  will  give  35  feet  of  elevation,  or  live  feet  more  than  is 
necessary,  while  four  dams  will  give  batSSfeet,  or  2  feet  leas  than  is  needed.  If,  there- 
fore, the  slack-water  ia  to  stop  at  West  Newton  bridge,  we  must  have  either  five  dams 
of  6  feet  lift  or  fonr  dams  of  7.50  feet  lift  each.  I  shoald  recommend  tbe  latter.  I^ 
however,  the  slack-water  is  to  be  extended  indefinitely  above  West  Newton,  I  wonld 
recommend  tbe  construction  of  five  dams  with  T  feet  lift,  believing  these  dimensions 
to  be  the  best  for  general  use.  The  estimates  that  follow  are  for  movable  dams  having 
the  last-named  lift.  The  couiparisoo  of  cost  is,  therefore,  somewhat  unjust  to  the  latter 
system,  a»  it  actually  gives  5  feet  more  elevation  than  the  former. 


KAVIGABJ.e  PASS. 

Colt  off<nind*&o*  per  rtmni»g  fool. 

3.5S  cubic  yards  cnt-stone  masonry,  at  $14.40 $50  09 

11  cubic  yards  rabble  masonry,  at  $7.20 79  30 

3.13  cubic  yards  riprap,  at  91.25 8  M 

7.30  cubic  yards  concrete,  at  86 43  80 

64feet(boatd-roeBsure)ofsi!l,at$35perM, 8  84 

1,500  feet  (board-measure)  piles,  Ac,  for  coflfer-dam,  at  $35  per  M 52  50 

Total  cost  per  muning  foot 832  34 

Co»t  of  iret/Ie  o/poM. 

t  trestle,  1,300  pounds,  at  10  cents $130  00 

S  Jonmal-boies,  130  pounds,  at  7  cent« 9  10 

2  ancboriug-rods,  133  pounds,  at  10  cents 13  30 

1  anchoring-disk,  60  ponnds,  at  7  cents . 6  60 

2  claw-b8l&,  1«  ponods,  at  10  cents 12  00 

1  hand-rail  post,  12  pounds,  at  10  cents 120 

Cost  of  trestle,  complete 171  20 

Coil  o/tricte/  afpau. 

1  horee,  450  pounds,  at  10  cents $45  00 

3  aticboring-rods,  1X1  pounds,  at  10  cents 13  30 

1  anchoring-disk,  oO  ponnds,  at  7  cents 5  60 

3  prop,  600  pounds,  at  10  cents 60  00 

4  joiimal-boxes,  2*20  pounds,  nt  7  cents 15  40 

110  feet  (board-measure)  lumber  for  panel,  at  $.'>0  per  M 15  50 

Cost  of  wioket,  complete 154  80 
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Coat  afikt  tote. 

1  henrtor  and  allele,  i?0  ponniln,  at  10  oenta ..  $48  00 

1  tripping-rod,  98  pounds,  at  10  centa 8  SO 

a  gn ides,  42  pounds,  at  10  cents 4  30 

1  roller,  ao  poands,  brouze,  at  40  cents 10*1) 

Coat  of  sole  and  appartenancea Ti  HI 

Jblalcoit  ofoMttetion  i  feei  teidt  of  Iht  pan,  eteluding  the  /oandation. 

Trestle,  complete $171  30 

Wieket,  complete 154  ^ 

Sole  and  appart«naDce8 73  4i) 

Cliains,  boll«,  &c.,  not  considered  In  the  above 50  00 

Total  coat  of  oDe  section 448  40 

Or,  per  running  foot ; (IIS  10 

Cost  of  foundation,  per  runulDg  foot 233  34 

Cost  of  pass,  per  running  foot 344  44 

Cost  of  pass,  100  feet  wide,  |51,6G6. 

Cott  <!f  foundaliim  nf  wtir,  per  rttnning  foot. 

1.10  cubic  yards  oiit  stone,  At  $14.40 |15  B4 

3.50  cnblc  yards  rabble,  at  27 .iiO 18  iW 

3.70cublcyard8riprap,  at  (1.25 4  63 

6.50  cubic  yards  concrete,  at  $6 33  MO 

64  feet(board-measure)of  sills,  at  ^  per  M 3  34 

3,000  feat  (board-measure)  piling,  i&c.,  at  (35  per  M TO  00 

Total  cost  per  running  foot 143  71 

Cott  of  treitle  and  widxl  of  the  aeir. 

There  being  no  data  of  the  neigbta  and  dimensions  of  the  wickets  of  the  weir,  I  u- 
snmed  that,  aa  tbey  are  about  three-fourths  as  high  as  the  wickets  of  the  pass,  Ibey 
would  probably  cost  about  three-fourths  as  oinch. 
Those  of  the  pass  (including  the  trestles)  cost  $112  per  running  foot,  henoe 

those  of  the  weir  should  cost  per  running  foot  about t^  00 

To  this  add  the  cost  of  foundation  per  running  foot-. 143  71 

Cost  of  weir,  per  mnning  foot 23771 

Cost  of  weir,  382  feet  long,  $86, 985.22. 

Coit  of  paig  and  iretr. 

Cost  of  weir  aS2  feet  long 86,985  28 

Coat  of  pass  150  feet  long 51,6«i  00 

Total  cost 138,^133 

If  a  manenvering-booC  be  used  for  the  weir,  we  can  omit  the  trestle  bridge  above 
the  wickets.  This  would  effect  a  saving  of  ^  trestles,  which,  at  an  average  cost  of 
$12S,  would  amount  to  $12,160,  From  this  we  must  take  the  cost  of  the  boat,  which 
will  be  about  $300,  leaving  a  total  saving  of  Jll.BliO.  The  suppression  of  the  wickvlii 
would  also  greatly  reduce  the  cost  of  the  foundation  of  the  weir,  as  the  latter  would 
not  then  be  so  wide.  Assuming  that  this  would  reduce  the  cost  of  foundation  by  ont- 
third,  we  have  a  saving  from  this  source  of  ^H  per  running  foot,  or  of  $18,336  in  the 
length  of  the  weir. 

Under  thia  condition,  the  total  diminution  of  cost  would  be — 

On  the  foundation $l«.3:!fi  W 

On  the  trestles Il,8fi0  W 

Or,  la  all 30,1!WOO 

Subtracting  this  from  the  cost  before  given,  which  is 13H,KI  ^ 

We  obtain  as  the  cost  when  the  boat  is  used 10i,*55  S 


Cost  of  five  dams,  giving  a  total  nlevation  of  35  feet,  (542,  ST6.10. 


dBOis  BO  fur  as  the  Baperstiuotni  .._„.... 

Hence  ne  shall  have  for  cost  of  tlie  foDudation  of  the  lock,  Hli^lfi.lS ;  Cor  the  snper- 
Btrnctnre,  |Gd,173.44.      The  cost  of  the  abutment  will  remain  oa  before. 


Cost  of  dam (108.455  22 

Coat  of  abutment 10,565  33 

Coat  of  lock 111,489  59 

Coat  of  one  look  and  dam 236,510  14 

KSTIMATB  FOR   KNTtRX  IMPROVEUEMT. 

5  locks  and  dams,  at  1236,510.14  each (1, 182.550  70 

Removing  obstructions  already  existiog 7,000  00 

10  per  cent,  for  contingencies 118,955  07 

Total  cost  of  imptoyemeot 1,308,405  77 

Total  coat  of  improvement  by  permanent  locks  and  dame 688,  023  21 

Or  the  improvement  by  movable  ilams  will  cost  more  tban  that  by  per- 
manent dama  by 620,382  56 

Bat  in  this  connection  ne  mnat  notice  that  by  the  permanent  dams  we  only  reach  a   , 
height  of  30  feet  above  the  surface  of  the  second  pool  of  the  Monongahela  alack-water, 
whereas  by  movable  dams  we  reach  a  height  of  35  feet  above  the  same  surface. 

The  cost  per  foot  of  lift  with  the  movable  dama  ia ., $37, 3S3  02 

And  for  the  permanent  dams  it  is 22,934  11 

Or 14,448  91 

in  favor  of  the  improvement  by  permanent  dtuus  per  foot  of  rise.  Hence  the  cost  per 
foot  of  rise  by  the  syatem  of  permanent  dame  is  approximately  only  two-thirds  of  what 
it  wonid  be  by  movable  dama. 

In  view  of  the  above  fignrea,  I  would  most  certainly  recommend  that  the  permanent 
diime  be  adopted  for  the  improvement  of  the  Youghiogheny  River. 
Very  respectfully,  your  obedient  servant, 

F.  A.  Mahan, 
Fir»l  lAtateaant  t^f  Eagineen,  U.  8.  A. 
HoJ.  W.  E.  Merrill, 

Corp*  of  Englneen,  U.  S.  A. 
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ANNUAL   REPOET 


IMPROVEMENT  OF  THE  HARBORS  OF  MILWAUKEE,  RACINE, 
AND  KENOSHA,  LAKE  MICHIGAN, 


HPEOYEMENT  OP  THE  POX  AKD  WISCOKSM  BIVEBS, 


m  CHARGE  OF 


D.   C.  HOTTSTOJSr, 


APPENDIX   X 
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l  extract  fkom  the  annual  report  of  toe  chief  of  engineers 
to  the  8eceetaby  op  war.] 

Office  of  the  Chief  op  Enoinkehs, 

Washington,  J).  C,  October  21, 1876. 


HABBOB8  OP  HILWAUEBE,  BACmE,  AND  KENOSHA,  LAEB  MICHIGAN — 
UfPBOTEMBNT   OP  POX  AND    WISCONSIN  BITBBS. 

Officer  in  charge,  M(y.  D.  C.  Houston,  Corps  of  EDgioeers,  with 
Capt.  O.  J.  Ljdecker  and  Lieut.  F.  A.  HiDtnaD,  Corps  of  Eugineers, 
under  his  immediate  orders. 

1.  Milwaukee  Harbor,  Wisconsin. — The  sum  of  (25,000  appropriated 
March  3, 1875,  has  been  applied  to  replacing  400  feet  of  the  old  super- 
Btractare  of  the  north  pier  by  one  of  dry  stone-masonry,  and  in  con- 
stracting  2  substantial  pier-heads.  The  fnnds  available  will  be  safflcieut 
to  build  150  feet  more  of  superetrncture.  The  total  estimate  for  replao- 
ing  2,240  feet  of  old  superstructure  is  $120,000.  Deducting  the  appro- 
priations of  1875  and  1876,  amounting  to  $51,000,  there  remaiuB  869,000 
which  could  be  advantageously  expended  during  the  next  fiscal  year. 

Amount  availolile  July  1,  1?75 (24,459  16 

Amcnint  espended  daring  fincal  year  endiD^  June  30,  It^fi 16,883  39 

Araonnt  available  Jnly  1.  1876,  inclndiiiK  £1,2^  doe  on  Dontracts 7,675  St 

Amoaat  appropriated  by  act  appToved  Angast  14,  1876 26,000  00 

Anonnt  (ottimated)  req aired  for  completion  of  eziatiDg  project 69,  000  00 

Auioimt  that  can  be  profitably  expended  in  fiscal  year  eudinj;  June  30, 1678.  K>,  000  00 

(See  Appendix  X  1.) 

2.  Eacine  Harbor,  Wisconsin. — The  appropriation  of  $10,000  made 
March  3, 1875,  has  been  expended  in  dredging  between  the  piers  aud  in 
completing  superstructore  over  crib  placed  in  1875. 

The  appropriation  of  $3,000  made  by  act  of  Congress,  dated  August 
14, 1876,  will  be  applied  to  rebuilding  a  jwrtiou  of  the  old  superstmc 
tare  of  the  Dortb  pier.  An  additional  amount  of  $7,000  is  required  to 
complete  this  work  and  building  a  pier-head  at  the  extremity  of  the  south 
pier. 

Amonnt  available  July  I,  1873 $10,136  32 

Amount  expended  during  fiscal  year  endiug  Jane  30,  IS76 .      9,891  75 

Amonnt  available  Jaly  1,  IS76 W4  57 

Amount  appropriated  by  act  approved  Aiignst  H,  1870 8,000  00 

Amount  (estimated)  rei]  aired  for  completion  of  existiog  proJACt- 7,000  00 

Amount  that  can  be  profitably  esponUed  ID  fiscal  year  euiling  June  30, 1878.      7,000  00 

(See  Appendix  X  2.) 

3.  Kenosha  Harbor,  Wisconsin, — The  appropriation  of  $15,000  made 
March  3, 1875,  has  been  expended  in  extending  the  north  pier  by  1  crib 
50  feet  by  30  feet  and  in  dredging  the  channel  between  the  piers.  The 
appropriation  of  88,000  by  the  act  of  Congress  approved  August  14, 
1876,  will  be  applied  to  building  superstructure  over  the  two  cribs 
placed  in  1874  and  1875 ;  in  dredging  between  the  piers,  and  making 
necessary  repairs. 
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There  is  required,  in  additioD,  the  snm  of  t7,000  to  complete  tbis 
work. 

Amonnt  available  July  1, 1675 $15,080  88 

Amount  expended  daring  fiscal  year  ending  June  30,1876 14,719  05 

Amonnt  avftilable  July  1, 1876 36183 

Amount  appropriated  by  act  approved  AngOBt  14, 1BT6 8, 000  00 

Amonnt  (eatimated)  leqnired  foT  oompletion  of  existiag  project 7,000  DO 

Amonnt  thatcanbepiofitably  eipBoded  In  fiscal  year  ending  Jane  30, 1878.      7,000  OO 

{See  Appendix  X  3.) 

1.  Improvement  of  Fox  and  WiscOTiain  Rivers. — The  improvement  of 
these  rivers  is  being  carried  on  in  accordance  with  the  plan  heretofore 
reported,  and  the  results  are  givea  in  detail  in  the  accompanying  reports. 

The  enlargement  of  the  Portage  Canal  h^  been  completed  and  nan- 
gation  opened,  connecting  the  two  rivers.  Two  new  masonry-locks  hare 
been  completed  on  the  Fox,  and  six  more  will  be  completed  this  season. 
Five  new  dams  will  also  be  completed  this  season  on  the  Lower  Fox, 
and  navigation  be  re-opened  over  the  entire  route.  A  large  amonnt  of 
dredging  has  been  done  on  the  Upper  Fox,  in  deepening  the  channel  and 
malcing  cat-offs. 

The  improvement  of  the  Wisconsin  by  means  of  wing-dams  has  been 
continued  with  satisfactory  results. 

Amonnt  available  Jnly  1, 1875 )f57B,107  43 

Amonnt  received  from  tollB  on  Fox  Biver  for  fiscal  year  ending 

Jnne30,1875 $364  96 

Amonnt  received  from  tolls  on  Fox  Biver  for  fiscal  year  ending 

June  30, 1876 385  23 

750  19 

Amonnt  expended  dnring  fiscal  year  ending  June  30,1876 420,415  la 


Amooitt  appropriated  by  act  approved  Angast  14,  m7G 370,000  00 

Amount  (eatimated)  required  roc  oompletion  of  ex isting  project 2,975,663  00 

Amonnt  that  can  be  prohtabl;  expended  in  fiscal  ;eareuding  Jnne  30, 1878.     750, 000  00 

(See  Appendix  X  i.) 


REPORT. 


APPENDIX  X. 

ANNUAL  REPORT  OF  MAJOR  D.  C.  HOUSTON,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 
1876. 

Umited  States  Enqinbbb  Office, 

Milwaukee,  Wia.,  July  13,  1876. 
Genebal  :  I  have  the  honor  to  transmit  herewith  annaal  reports  for 
the  works  in  my  charge  for  the  hscal  year  ending  June  30, 1876. 
I  am,  general,  very  respectfully,  your  obedient  servant, 

D.  O.  HousTOW, 
Major  of  JEngineerg,  V.8.  A. 
Brig.  Gen.  A.  A.  Humpheets, 

Chief  of  Engineers,  U.  IS.  A. 
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IMPROVEMENT  OP  MILWAUKEE  HARBOR,  WISCONSIN. 

The  sam  of  $25,000  n-as  appropriated  for  this  work  by  the  act  of  Cod  - 
gress,  approved  March  3, 1S75.  This  has  been  applied  to  replacing  the 
old  timber  anperstracture  of  the  north  pier,  by  a  wall  of  dry  atone  ma- 
sonry. Four  hundred  feet  of  snperstrnctnre  was  bnilt  last  season,  and 
150  feet  more  will  be  bnilt  with  the  fnnds  now  available. 

The  work  this  spring  has  been  retarded  by  bad  weather  and  high 
water. 

Two  substantial  pierheads  have  also  been  bnilt. 

The  estimate  for  the  present  project,  replacing  the  entire  old  soper- 
stractnre,  2,240  feet,  was  $120,000.  There  will,  therefore,  be  required 
to  complete  the  saperatractnre  over  both  piere,  905,000,  all  of  which 
conld  be  advantageously  expended  dnring  the  next  fiscal  year.  The 
old  work  is  very  dilapidated  and  should  be  replaced  without  delay. 

Money  statement. 

AmoDDt  available  Jalf  1,  1S75 (34,459  16 

Amount  expsDded  daring  fiscal  year,  eading  Jane  30, 1^76 ., 16,863  39 

AmooDt  available  July  1,  1976,  indadinK  11,287  dne  on  contracts 7,575  87 

AmonDt  appropriated  bj  act  approved  AaftOHl  14,  I87G 36,000  00 

Amonnt  (eadniBted)  required  for  completion  of  exiating  project 69,000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  yearendiug  June30, 13T8.  69,000  00 


HISTOEY  OP  THE  WOEKS  TO  THE   YEAS  1875. 

This  important  center  of  trade  is  situated  upon  the  west  shore  of 
Lake  Michigan,  at  a  distance  of  100  miles  from  the  head,  or  south  end, 
of  the  lake.  The  oatural  outlet  of  the  Milwaukee, Biver  was  at  a  dis- 
tance of  3,000  feet  to  the  southward  of  the  present  artificial  outlet, 
which  has  been  cut  through  the  sand-drift  forming  the  jmint  which 
originally  covered  the  north  side  of  the  river-channel. 

The  Menomonee  and  Kinnickiunic  Rivers  are  two  small  tributary 
streams  which  discharge  into  the  Milwaukee;  the  points  of  their  con- 
fiaence  being  just  inside  the  lake-shore  line ;  the  three  streams  having 
one  common  outlet.  The  main  channel  is  about  230  feet  in  width  and 
of  an  average  depth  of  14  feet  at  mean  water-level.  This  depth  is 
carried  to  a  distance  of  about  3  miles  from  its  outlet,  at  which  point  a 
dam  has  been  thrown  across  the  stream  to  regulate  the  supply  of  water 
for  fioaring-mills  and  manufactories.  The  commerce  of  Milwaukee  vas 
first  coftducted  by  means  of  bridge-piers,  which  were  bnilt  from  the 
shore  to  the  navigable  water  of  the  lake,  and  were  owned  by  private 
parties,  but  as  trade  increased,  it  was  found  impracticable  to  conduct 
it  by  such  means,  and  a  project  was  formed  for  improving  the  moutb  of 
the  river. 

Some  time  during  the  year  18i5  or  lSi6,  the  month  of  the  river  was 
dredged,  and  protection-piers  were  built  on  the  sides  of  the  channel  to 
the  Hue  of  10  feet  of  water.  Previous  to  the  accomplishment  of  this 
work,  a  survey  of  the  moutb  of  the  Milwaukee  Biver  and  vicinity  was 
made  by  Lieutenants  Center  and  Kose,  (in  1S36,)  and  a  plat  of  the  same 
submitted,  with  a  recommendation  to  cut  a  channel  across  the  point 
which  overlapped  the  mouth  of  the  river  at  the  distance  of  3,000  feet 
north  of  the  original  outlet  as  before  specified.    The  reasons  npon  which 


tlie  recommeudatiou  xfaB  based,  vere,  tbat  sncU  a  cat  \roald  proviilea 
more  couvenieot  and  accessible  passage  to  tbe  iuterior  wharves.  TMs 
project  finally  met  with  tbe  approval  of  tbe  officers  of  the  United  States 
Eogineer  Department,  and  also  of  the  officials  of  the  city  of  MUwan- 
kee,  and  on  tbe  30th  of  August,  1852,  the  sum  of  $15,000  was  appro- 
priated by  Congress  for  tbe  commencement  of  this  improremeut  in 
accordance  with  tbe  plan  recommended ;  but  as  such  a  sum  was  totally 
inadequate  to  produce  the  desired  result,  and  as  tbe  policy  of  the  Gov- 
ernmeut  at  that  time  was  not  particularly  directed  toward  intenial 
improvements,  and  also  as  the  necessities  of  the  case  demanded  prompt 
and  energetic  actioD,  tbe  aatborities  of  the  city  of  Milwaukee  took  tbe 
matter  in  band,  wbicb  was  so  essential  to  tbeir  interests,  and  by  congeDE 
of  tbe  legislature  of  Wisconsin,  levied  a  tax  upon  tbe  prox>erty  of  tbe 
city,  by  which  means  the  sura  of  $30,000  was  raised  in  the  year  1855,  whicb 
was  the  limit  of  tbe  expenditure  to  be  made  upon  tbe  proposed  improve- 
ment by  special  tax  upon  the  city  property.  I'bis  sum  was  placed  at 
the  disposal  of  the  United  States  Government,  to  be  expended  under 
the  direction  of  the  United  States  engineer  officer  placed  in  charge  ol 
this  barbot  improvement,  in  conjunction  with  the  $15,000  appropriated 
by  Congress.  In  his  report  to  the  Secretary  of  War  of  date  March  10, 
1854,  Col.  J.  J.  Abert,  topographical  engineer,  states  as  follows : 

la  coneeqaence  of  failure  on  the  part  of  oootraotara  to  deliver  materialB  at  Mil- 
n-aakee,  no  piet-work  htu  been  pnC  up  there,  aDd,  as  there  was  adequate  time,  tbe 
Board  was  desired  to  revise  the  plan  for  the  iinproTement  of  tbat  batbor.  The  lav  on 
this  subject,  quoted  b;  the  Boaid,  expreeel;  directs  tbe  appropriutioa  then  made  tnbe 
expeuded  at  a  point  of  the  Mil^raakoe  River  known  as  the  "North  Cut,"  survejedb; 
Lieutenant  Center. 

And  in  tbe  report  of  Lieut.  Col.  Jame«  Kearney,  topographical  engi- 
neer, of  date  March  4,  1854,  to  Col.  J.  J.  Abert,  Chief  of  the  Toi* 
graphical  Bureau,  be  states  as  follows : 

The  appropriation  for  the 

continuiug  the  improveniei  ...  --, ,      ,  --    -- ,  -  - 

tbe  point  on  the  Milwaukee  River  known  as  the 'North  Cut,' surveyed  bj- Lieuten- 
ant Center."  There  have  been  various  other  sudib  appropriated  from  time  to  time  for 
tbe  improvement  of  Milwaukee  Harbor.    These  have  been  applied  to  the  old  or  uatnral 

These  reports  show  that  the  815,000  appropriated  by  Congres.s  on 
August  30, 1852,  had  not  been  expended  at  the  dates  of  tbe  reports 
quoted  from  of  March  4  and  15, 1854,  and  that  the  new  project  of  im- 
provement by  cutting  across  the  sand  spit  had  not  been  commenced 
previous  to  1854 ;  and  also  that  the  two  sums,  equal  in  amount  to 
965,000,  were  expended  at  one  and  the  same  time.  Tbe  plan  adopted 
was  to  dredge  across  the  point  and  build  a  crib-pier  on  each  side  of  tbe 
"Cut;"  tbe  piers  to  be  parallel  to  each  other  upon  a  magnetic  wurseof 
K.  81^  K,  tbe  width  of  the  channel  between  them  to  be  2G0  feet,  and  to 
extend  to  the  line  of  12  feet  of  water,  mean  lake-level.  Reports  are  not 
available  relating  to  tbe  details  of  the  work,  which  was  commeaced  and 
prosecuted  vigorously  iu  1855 ;  but  in  his  annual  report  for  1856,  Brevet 
Col.  J.  I>.  Graham,  topographical  engineer,  quotes  from  tbe  records  of 
the  proceedings  of  the  city  council  as  follows : 

Whereas  the  city  of  Milwaukee  proposes  to  expeud  a  certain  snm  of  luonej',  notei- 
seeding  $50,000,  in  tbe  oonstructiou  of  a  harbor  at  a  site  recummended  by  Lientenuu 
Center  and  Bose,  commonly  kuown  as  the  "  Straight  Cut,"  and  have  fur  that  purpow 
made  on  appropriation  of  said  snui  of  $60,000,  and  have  entered  into  a  contract  nilli 
Abd  Hswley  to  furnish  materials,  &o.,  *  *  '  or  three  sections  of  tbe  same,  n- 
•errinf;  it  optional  with  said  city  whether  the  said  Hawlej  shall  coustniot  the  foanb 
section  or  not,  and  wbicb  fourth  section  will  complete  said  hortwr. 


This  extract  from  the  records  of  the  proceedings  of  the  city  conncil 
ahowB  that  that  body  entered  into  a  contract  with  Abel  Hawley,  and  it 
is  inferred  there&om  that  the  work  and  fands  were  placed  in  charge  of 
Lient.  Gol.  J.  D.  Graham,  topographical  engineer,  for  expenditure  npoD 
the  specified  improvement.  Owing  to  the  dea^  of  a  Mr.  Barton,  who 
was  in  partnership  with  Mr,  Hawley,  the  contract  was  transferred  to 
Messrs.  Haabronck  &  Gonro,  of  Milwaukee,  and  before  the  close  of  the 
working-season  of  1855, 16  cribs,  of  dimensions  32  fe  g.  by  20  feet  by  17 
feet,  were  sank  apon  a  clay  bed  in  fine  position,  the  bed  having  been 
dredged  to  a  depth  of  12  feet  for  their  reception. 

The  estimates  of  the  cost  of  this  improvement  were  low,  as  has  since 
been  proved.  The  "  details"  of  the  progress  made  upon  the  work,  and 
the  expenditures  for  the  same,  cannot  be  itemized,  bot  the  following 
statement  of  the  total  cost  involved  to  the  city  of  Milwaukee  by  the 
work  from  1855  to  1870,  inclusive,  may  be  interesting,  almost  the  whole 
of  which  was  expended  during  the  years  1855,  1856,  and  1857. 

The  statement  is  obtained  by  reference  to  the  accoants  of  the  city 
comptroller.    His  accoants  show  that — 

The  inm  expended  bj  Uie  citr  for  tbis  improvement  between  Ibe  jeata  1^^  and 
lerO  was  S233,;!55.79. 

or  tbis  BQiu  tbo  amoTiiit  paid  to  Mosars.  Hasbronck  &.  Conro  naa $l^,2r>0  00 

And  the  amount  paid  to  otber  partiua  was •>. • ..      54, 105  79 

Total 238,355  79 

Theamonnt  of  Hosbronck  4,  Conro's  b[]l  iras 267,249  87 

And  the  amoanl  paid  to  tbem  np  to  IBTC  was ISi,  250  00 

Leaving  a  b&lBDce  duo  to  Hosbronck  &  Coma  of Ij3,999  87 

This  balance  the  city  declined  to  pay  until  by  process  of  law  a  judg- 
ment wasdeclared  in  favor  of  Messrs.  £Iasbronck&  Conro,  which  awarded 
them  not  only  the  principal  of  the  indebtedness,  but  also  interest  upon 
the  balance  due  &om  1857  to  18T0,  and  as,  by  the  terms  of  agreement 
nnder  the  decision  of  the  court,  the  indebtedness  was  paid  to  Hasbrouck 
&  Gonro  by  installmpnts,  interest  was  paid  upon  the  reduced  principal 
until  the  entire  debt  was  liquidated  in  1873. 


The  total  snm  awarded  to  Ha^broack  &,  Conro  by  the  Jadgmant  of  tbo 

oonrt,  includiiie  interest,  was 8-207,  fil5  41 

But  the  original  balance  dne  under  tbeir  contract  was  only 1^2,999  B7 


So  tbat  the  accmed  interest,  including  extra  cbargea  for  materials  ailjndi- 

cated  by  tbe  court,  nos  in  amount 134,611)  &4 

Tben  the  entire  snm  which  was  paid  by  the  city  authorities  for  materials 

and  latwr  to  all  parties  before  litigation  waa $233,335  79 

Together  with  tbe  sum  awarded  to  llaebroQck  &  Conro  for  materials  and 

labor,  as  per  contract 82,999  87 

Gives  the  total  payment  made  for  materials,  A.is.,  of 321, 3i^  66 

But  the  books  of  tbe  comptroller  show  that  the  city  has  actually  paid  for 

all  aocoQDts  of  materials,  labor,  and  interest $445,971  90 

And  by  deductiog  tbe  actual  amount  paid  fur  materials  and  labor  alone—     ^I,  355  66 


Verifies  the  statement  nf  the  amount  paid  by  the  city  for  interest  and  ad- 
judicated prices  for  materials  in  balancing  the  account  of  Hasbronck  &, 
Oonro 124,615  54 

The  length  of  each  of  the  piers  bailt  by  Hasbrouck  &  Conro  was  1,120 
running  feet,  inclnding  the  pier-heads,  which  were  built  30  feet  in  width 
by  30  feet  in  length,  and  the  channel  was  dredged  foritsfnillengthand 


width  to  a  depth  of  12  feet  Xo  farther  steps  vere  taken  by  the  Uoited 
States  Government  for  this  improvement  nntil  the  year  1886,  dnriog 
which  the  sam[of  $48,283.17  was  appropriated  by  Congress.  Of  tbU 
amonnt  the  snm  of  $9,999.20  was  expended  in  1867  in  supplying  stone 
to  the  piers  nnder  a  contract  made  with  Valentine  Knhlman  in  Jnne  of 
that  year.  The  total  nnmber  of  cubic  yards  of  that  material  delirered 
by  him  was  3,677. 

By  a  plat  of  sonndinga  which  were  taken  in  Jane,  1867,  it  was  fonnd 
that  the  sand-drift  |from  the  north  was  forming  a  bank  which  was  en- 
croachiog  npon  the  harbor  entrance,  the  soath  boandaiy  of  whidi  was 
tangent  to  the  prolongation  of  the  line  of  the  inner  face  of  the  nwtii 
pier,  and  during  the  winter  of  1S6T  and  1868  the  bank  formed  across 
the  month  of  the  channel,  the  depth  of  water  oyer  it  being  12  feet.  It 
was  decided  at  this  time  to  extend  the  piers,  and  on  the  2d  of  Jane, 
1808,  bids  were  received  and  opened  for  extending  each  of  the  piers  to 
a  distance  of  250  feet. 

A  contraet  was  awarded  to  Mr.  C.  B .  Starke,  of  Milwaakee,  for  for- 
nishiog  all  materials  and  labor  for  coDstmcting  the  same,  with  the  ex- 
ception of  the  timber,  a  contract  for  furnishing  which  was  awarded  to 
Mr.  E.  W.  Diercka,  of  Milwaukee.  Four  cribs,  each  60  feet  long  by  25 
feet  wide,  were  sunk  in  extension  of  the  north  pier  during  the  seafion 
of  1868,  and  also  35  days'  work  were  performed  by  dredging-machines 
in  deepening  the  channel  over  the  bar.  By  act  of  Congress  approved 
April  10, 1869,  the  sum  of  $35,640  became  available  for  a  continnadon 
of  this  improvement,  and  work  was  resumed  nnder  the  contracts  of 
Jane,  1SG8,  which  resulted  in  building  and  sinking  6  cribs  of  50  feet  by 
25  feet  before  the  end  of  August,  one  of  which  was  placed  in  continaa- 
tioD  of  the  north  pier,  and  the  remaining  5  in  the  extension  of  the  sonth 
pier,  the  whole  work  forming  an  extension  to  each  of  260  running  feet 
Superstructure  was  also  built  over  the  i  cribs  which  were  sunk  in  ISOJ- 

Previous  to  the  commencement  of  operations  in  1869,  soundings  were 
tAken  (April  6)  to  ascertain  what  changes  had  taken  place  upon  tbe 
bar  during  the  preceding  winter.  The  examination  revealed  the  pres- 
ence of  an  addional  accretion,  tbe  bar  having  spread  entirely  across 
the  mouth  of  the  channel  in  front  of  the  pier  extremities,  the  crest  of 
which  was  at  a  distance  of  250  feet  out,  or  eastward  of  the  north  pier 
extension,  carrying  a  minimum  depth  of  10.7  feet  of  water  for  a  width 
of  60  feet ;  this  obstrnction  was  a  serious  impediment  to  navigatiOD, 
although  at  the  time  of  its  presence  the  draught  of  the  vessels  com- 
prising the  lake  marine  was  not  ao  great  as  it  has  since  become ;  it  was, 
however,  an  obstractioo  which  must  of  necessity  be  overcome,  and  a 
recommendation  was  made  to  extend  the  piers  to  a  farther  distance  of 
350  feet. 

Tbe  number  of  arrivals  of  vessels  and  steamers  at  the  port  of  Mil- 
waukee during  this  year  was  5,025 ;  of  departures,  5,050. 

By  act  of  Congress  approved  July  11,  1870,  the  sum  of  $40,000  vas 
appropriated  for  this  work,  and  on  the  2l8t  day  of  September,  1870,  a 
contract  was  let  to  Messrs.  Hasbronck  &  Conro,  of  Milwaukee,  to  con- 
struct 400  rnniiing  feet,  more  or  less,  of  pier  extension,  to  consist  of  3 
cribs,  each  50  feet  in  length  by  26  feet  in  width ;  but,  owing  to  delays 
occasioned  by  tbe  loss  of  timber  through  freshets,  no  work  of  impor- 
tance was  done.  During  the  night  of  the  20th  of  Angust,  1870,  tbe 
oour  crib  of  the  south  pier  was  run  into  and  seriously  damaged  by  some 
unknown  vessel,  the  timbers  being  out  through  to  a  depth  of  8  feet 
below  water-surface.  The  same  crib  was  also  run  into  by  the  schooDei 
Lottie  Wolf,  on  the  17th  day  of  May,  1871,  which  collision,  inflicted  moR 


serioos  injarj-  to  tbe  crib,  as  well  as  to  sink  the  vessel.    On  March  3, 

1871,  another  appropriation  of  $38,000  wad  made  by  Congress,  and  on 
the  17th  of  Jnne,  1871,  a  contract  was  made  with  Mr.  Henry  Starke, 
of  Milwaukee,  nnder  wbich  he  was  to  constrnct  an  additional  extension 
of  ISO  running  feet  to  each  of  the  piers,  the  whole  to  consist  of  4  cribs, 
each  50  feet  by  23  feet,  and  2  cribs  of  dimensions  50  feet  in  length  by  30 
feet  in  width,  to  complete  the  pier  extension  in  accordance  with  the 
recommendation,  and  to  build  superstructure  over  the  whole  of  the  cribs. 
This  work  was  carried  on  by  the  contractors  simultaneously,  Messrs. 
Hasbroock  &  Oonro  sinking  the  tirst  crib  of  their  contract  on  the  6tb 
day  of  Jnly,  and  the  eigb^  and  last  crib  on  the  16th  of  November ; 
Mr.  Starke  sinking  the  first  crib  under  bis  contract  on  the  30th  of  July, 
and  the  sixth  and  last  on  the  23d  of  November.  The  third  crib  from 
the  out«r  end  of  the  north  pier  was  struck  by  some  unknowa  vessel  and 
damaged  to  a  serious  extent  soon  atter  it  was  placed  in  position. 

The  stage  of  water  during  this  season  was  low,  but  a  channel  carrying 
14  feet  of  water  was  available  for  vessels  by  changing  their  course  bat 
ODce  between  the  piers. 

The  number  of  arrivals  during  this  year  was  7,012,  with  a  tonnage 
capacity  of  2,607,850  tons.  The  number  of  departures  was  the  same  as 
the  arrivals,  with  a  tonnage  eqnal  to  2,611,384  tons.    During  the  year 

1872,  the  cribs  which  were  damaged  by  collisions  of  vessels  were  repaired ; 
the  third  crib  from  the  outer  end  of  the  north  pier  having  piles  driven 
close  together  along  its  channel-face  for  carrying  the  superstrncture, 
and  a  super-crib  being  framed  to  match  the  broken  timbers  of  the  crib 
on  the  sonth  side,  and  which  was  bolted  with  long  bolts  to  the  sub-crib. 

The  whole  of  the  saperstractare  over  the  14  cribs  was  finished  and 
applied  with  stone  ballast.  Ouard-piles  were  driven  at  distances  of  25 
feet  apart  for  the  entire  length  of  the  channel-faces  of  the  new  work, 
wbich  were  cai>ped  with  oak  timbers  of  cross-section  area  of  12  by  12 
inches. 

These  caps  or  wals  were  secured  to  the  snperstrncture  of  the  crtbs 
by  means  of  screw-bolts,  as  were  also  the  piles.  The  ends  of  the  piers 
were  also  protected  by  driving  seven  clusters  of  piles,  five  piles  form- 
ing each  cluster,  aroand  the  extremity  of  each  pier,  the  piles  of  the  clus- 
ters being  sprung  together  and  bound  with  chains,  and  otherwise 
secured  in  position  with  screw-bolts.  A  length  of  160  rnnning  feet  of 
saperstractare,  which  was  in  a  very  dilapidated  condition,  was  cat  down 
and  replaced  with  new  work  at  the  western  or  inner  end  of  the  north 
pier,  forming  the  angle  made  by  the  "  straight  cat"  with  the  river  proper. 
Thenomber  of  arrivals  of  steamers  and  sailing-vessels  daring  this  year 
was  7,475,  having  a  tonnage  of  2,579,979;  of  departares,  7,475,  with 
2,556,743  tonnage  capacity. 

By  act  of  Congress  approved  March  3, 1873,  the  sum  of  $  10,000  was 
appropriated  for  the  improvement  of  this  harbor,  which  was  applied  to 
deepening  the  channel  between  the  piers,  nnder  a  contract  made  with 
Mr.  Albert  Conro,  for  dredging,  of  date  May  30, 1873. 

The  entire  length  of  the  channel  between  the  piers  is  1,740  feet ;  its 
width  at  the  oat«r  end  bas  been  increased,  through  the  oatward  settling 
of  the  cribs,  to  280  feet. 

It  is  supposed  that  the  piers  will  not  require  farther  extension 
for  many  years.  The  dredging  done  under  Mr.  Oouro's  contract  in  1ST3 
produced  a  depth  of  water  which  would  have  been  adequate  to  float  the 
class  of  vessels  in  commission  up  to  1850,  but  owing  to  the  increased 
capacity  and  draught  of  vessels  of  more  recent  build,  the  requirements 
of  a  channel  leading  to  a  harbor  of  refuge  are  that  the  depth  of  water  , 
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shall  be  from  16  to  IS  feet.  A  plat  of  souodiDgs  which  were  taken  in 
November,  1873,  revealed  the  presence  of  one  or  two  banks  of  sand,  car- 
rying bat  14  feet  of  water  in  the  center  of  the  dredged  channel,  which 
was  deepened  for  100  feet  in  width,  apon  which  one  or  two  veroels 
struck  when  entering.  The  appropriation  of  810,000  in  1874  was  also 
applied  to  dredging  nnder  a  contract  made  with  Mr.  Conro,  of  dateAn- 
giist  12, 1874.  The  nnmber  of  cubic  yards  excavated  was  29,835.  Re- 
pairs were  also  made  to  two  cribs  which  were  mptnred  by  the  collisiona 
of  veesela,  and  wales  were  replaced  to  the  clusters  of  piles,  the  former 
timbers  having  been  carried  awny  by  similar  causes. 

The  result  of  the  dredging  was  satisfactory,  a  channel  having  been 
provided  thereby  of  more  than  17  feet  in  depth  and  140  feet  in  width 
for  the  entire  length  of  the  harbor-piers. 

The  timbers  forming  the  snperstmctnre  of  the  sections  of  piers  bnilt 
in  1855,  1856,  and  1857  being  decaj'ed,  and  requiring  replacement,  a 
recommendation  was  made  to  rebuild  the  superstructure  with  dry  stone 
masonry,  and  on  the  3d  of  March,  1875,  the  sum  of  825,000  was  appro- 
priated by  Congress  to  be  applied  to  this  purpose.  The  first  section  of 
this  work  will  probably  be  commenced  at  the  west  or  inner  end  of  the 
north  pier,  by  cutting  down  the  old  timber  to  a  depth  of  2  feet  heloir 
low-water  line,  and  by  then  bolting  platforms  of  oak  timbers  to  the 
sub-piers  for  the  side  walls  of  masonry  to  be  built  upon  to  a  height  ot 
6  feet  above  mean  low-water  mark. 

The  number  of  arrivals  of  steamers  and  sailing-vessels  in  1874  was 
8,447,  having  a  tonnage  capacity  of  3,109,189  tons;  of  departures,  S^l, 
the  tonnage  of  which  was  3,023,422, 

In  reviewing  the  short  history  of  this  harbor,  a  comprehensive  idea 
can  be  formed  of  the  increasing  trade  of  the  West. 

The  first  estimatea  made  for  the  improvement  of  the  harbor  were 
based  upon  a  project  for  building  piers  out  into  the  lal:e  to  a  depth  of 
but  12  feet  of  water.  From  this  fact  it  is  assumed  that  the  depth  of  1- 
feet  was  considered  as  great  as  ever  would  be  required  for  the  purposes 
of  lake- navigation. 

At  the  present  time,  many  vessels  trade  at  this  port  which  have  a 
carrying  capacity  of  from  40,000  to  70,000  bushels  of  grain. 


X   2. 


DiPEOVBMEHT  OF  EACIKE  HAEBOE,  WISCOSSUf. 
Theappropriationof  810,000,  made  March  3, 1875,  has  been  expanded 
in  dredging  between  the  piers,completing  superstructure  over  crib  sunk 
iu  1874,  planking  over  south  pier,  and  repairs  of  north  pier. 

A  special  estimate  was  submitted  by  me,  dated  November  15, 1875, 
of  815,000,  to  replace  the  old  superstructure  of  the  north  pier,  and  pro- 
tect the  ends  of  the  piers  by  pile  pierheads.  The  anticipated  appro- 
priation of  this  season  will  be  applied  to  that  object. 

Money  statement, 

AmoQDt  avsilnUo  July  1, 1875 ilO.lSeK 

AiDODot  ospeuiled  during  fiscal  year  ending  Jane  30,  le'Tfi .         9,  >91  '' 

Amonut  available  July  1, 1876 2«  51 

Amoaut  appropriated  liy  act  npproved  Anjfoat  14, 1876 8,000  00 

Amount  (estimated)  rennired  lor  completion  of  eiiBtfng  project 7,000  W 

Amount  that  tiao  be  proalalily  expended  in  fiscal  year  ending  June  30, 1S73v  ^\Jl^^ 


HISTORY  OF  THE  WOB£  TO  THE  TEAB  1ST5. 

Tliis  importaat  harboi  is  situated  upon  the  west  sliore  of  Lake  Michi- 
gan, at  a  distance  of  23  miles  to  ttie  southward  of  Milwaukee. 

The  records  of  the  early  history  of  this  harbor  previous  to  1851  are 
not  available.  A  report  of  CoL  J.  J.  Abert,  topographical  engineer,  to 
the  Secretary  of  War,  dated  May  1,  1854,  shows  that  the  balance  of 
funds  remaining  at  that  date  from  a  former  appropriation  by  Congress 
was  87,251.78,  and  In  a  report  of  Lieut.  Col.  James  Kearney,  topograph- 
ical engineer,  president  of  a  board  of  engineers,  he  states  the  opinion 
of  the  Board  in  relation  to  the  direction  in  which  the  extension  of  the 
piera  aboulil  be  built.  Also,  the  Secretary  of  War  approves  of  thd  plan 
submitted  by  the  Board  for  the  extensions  of  the  piers,  in  which  they 
recommond  an  additional  Buib  of  $18,906.30  to  be  appropriated  for  the 
proposed  improvement.  In  186G,  the  sum  of  $23,910  was  appropriated 
b;  Congress  for  the  improvement  of  this  harbor,  and  in  August  of  that 
year  a  contract  was  made  with  Messrs.  Sanger,  Ledlie  &  Corse,  of  Chi- 
cago, for  dredging  in  the  channel  between,  the  piers  and  to  conetmct 
25tj  running  feet  of  pier-work  in  extension  of  the  sonth  pier.  In  1867 
the  snm  of  $45,000  was  appropriated,  and  on  the  27th  of  June,  .1867, 
contracts  were  made  with  Mr.  F,  M.  Danaher,  for  timber  and  framing ; 
Messrs.  Ledlie  &  Corse,  for  stone  and  brush ;  and  Nelson  Gere,  of  iSyra- 
cnse,  N.  Y.,  for  iron  bolts. 

The  construction  of  416  feet  of  crib-extension  to  the  north  pier  was 
contemplated  under  these  contracts.  Dnring  the  year  1867, 17  cribs,  of 
dimensions  32  feet  in  length  by  20  feet  in  width,  were  bailt  and  sunk  in 
position,  eight  of  which  were  placed  la  continnatiou  of  the  sonth  pier, 
and  nine  were  placed  in  extension  of  the  north  pier,  but  during  a  storm 
in\November  the  outer  crib  of  the  north  pier  was  broken  aud  carried 
away.  In  the  spring  of  1868  the  old  grillage  was  leveled  off  and  stone 
placed  over  it,  and  a  new  crib  was  built  aud  set  ui>on  the  foandation 
thus  formed;  also  superstructure  was  built  over  both  of  the  pier-exten- 
sions. A  crib  32  feet  sqnare  was  also  added  to  the  north  pier  as  a  pier- 
head. By  act  of  Congress  approved  April  10, 1869,  32,000,000  were 
appropriated  for  the  repair,  extension,  and  preservation  of  works  of 
improvement  npon  rivers  aud  harbors,  to  be  expended  under  the  direc- 
tion of  the  Secretary  of  War;  and  of  this  sum  $22,275  was  allotted  for 
the  improvement  of  Kaciue  Harbor.  The  work  during  this  season  was 
the  cuttiug  down  of  superstructure  over  283  feet  of  the  older  sections 
of  the  south  pier  aud  replacing  it  with  new  work,  sheet-piling  on  the 
outer  side  of  the  same  sections,  and  dredging  between  the  piers. 

By  act  of  Congress  July  11, 1870,  the  sum  of  $10,000  became  availa- 
ble for  this  work.  This  was  applied  to  building  np  the  32  feet  by  32 
feet  crib  pier-head  on  the  north  side,  the  crib  having  tilted  eerionsly  out 
of  position,  and  iu  repairing  a  break  in  the  south  pier  at  its  intersection 
with  the  line  of  shore,  and  also  iu  refilling  the  cribs  of  both  piers  with 
Btoue. 

On  the  30th  of  September,  1870,  a  contract  was  made  with  Mr.  F.  M. 
Knapp,  of  fiaeine,  for  the  construction  of  256  running  feet  of  extension 
to  the  south  pier,  to  be  built  20  feet  in  width  up  to  the  water-surface, 
which  work  was  completed  on  the  22d  day  of  July,  1871. 

Bepatrs  also  were  made  for  a  length  of  206  running  feet  of  the  north 
pier  at  its  west  end,  by  taking  off  the  old  soperstrnctare  and  replacing 
It  with  new.  On  the  3d  of  March,  1871,  Congress  appropriated  $10,000 
for  Bacine  Harbor,  and  on  the  17th  of  June,  1871,  a  further  contract  was 
made  with  Mr.  F.  M.  Knapp  for  bailding  superstructure  over  the  four. 
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cribn,  oi  256  feet  of  pier  above  Bpecified,  inclading  also  repairs  to  be 
made  to  a  portion  of  the  old  work  on  the  north  pier,  A  channel  of  12 
feet  in  depth  was  available  for  vessels  during  this  year.  On  the  3d  ot 
March,  1873,  the  sum  of  $20,000  was  appropriated  by  Congress  for  this 
harbor,  $5,000  of  which  was  applied  to  dredging  in  the  channel,  at  tlie 
earnest  solicitations  of  the  citizens  of  Bacine,  the  channel  having  be- 
come unavailable  for  vessels  drawing  more  than  11  feet  of  vater.  The 
silting  np  of  the  channel  was  probably  dne  to  the  extension  which  vu 
made  to  the  south  pier,  for  it  is  well  demonstrated  that  the  north,  or 
weather,  pier  at  this  harbor  shonld  extend  to  snch  a  distance  beyond  or 
outside,  of  the  extremity  of  the  soath  pier  as  to  prevent  a  deposit  of 
the  sediment  which  is  carried  in  suspension  by  the  littoral  corrent  in 
ftont  of  the  entrance  to  the  harbor.  .  On  the  2dth  of  May,  1873,  a  con- 
tract was  made  with  Mr.  F.  M.  Kuapp,  of  Kacine,  for  bnilding  and  sink- 
ing two  cribs,  each  of  dimensions  50  feet  by  30  feet  by  26J  feet,  or  to  a 
height  of  1  foot  above  the  water-surface,  to  be  completed  and  placed 
in  extension  of  the  north  pier  on  or  before  the  let  day  of  December, 
1873.  These  cribs  were  built  and  placed  in  position  npon  Foundations 
of  stone  before  the  close  of  September,  their  direction  being  dne  east 

Sixteen  thousand  seven  hundred  and  seventy-three  cubic  yards  of 
material  were  excavated  from  the  channel  by  the  dredge,  which  deeiwned 
it  to  the  depth  of  14  feet  and  to  a  width  of  about  120  feet.  Stone  was 
also  put  into  one  or  two  sections  of  cribs  where  the  ballast  formerly  put 
in  had  rnn  through  the  grillage-work,  leaving  one  section  entirely  wiOi- 
oat  ballast. 

By  act  of  Congress  approved  June  23,  1874,  the  sum  of  «10,000 
was  appropriated  for  Bacine  Harbor  improvement,  and  Mr.  F.  M.  Kuapp 
being  again  the  lowest  bidder,  a  contract  was  awarded  him  on  the  12tti 
of  August,  under  which  be  built  and  sank  one  crib  of  dimensions  5ll 
feet  by  30  feet,  by  26J  feet,  and  completed  the  two  cribs  sunk  in  1873  with 
superstructure,  and  decked  the  outer  cribs  with  plank.  The  materials 
used  in  doing  this  work  were,  of  timber,  8,310  cubic  feet;  of  iron, 
11,663.6  pounds;  spikes,  620  pounds;  stone,  374,771  cords;  brush,  17 
cords;  framing,  8,260  linear  feet;  laying  plank,  14,417  feet, board  meas- 
ure. 

In  March,  1875,  the  amount  appropriated  was  810,000,  which  will  be 
applied  to  building  superstructure  over  the  crib  sunk  in  1874,  and  mak- 
ing some  slight  repairs  to  the  older  sections  of  work,  and  the  balance 
remaining  will  be  applied  to  dredging  in  the  channel.  An  idea  of  the 
commerce  of  Bacine  may  he  formed  by  a  perusal  of  the  following  par- 
tial list  of  exports  and  imports,  obtained  from  the  deputy  collector  of 


Daring  the  fiscal  year  ending  June  30, 1873,  the  imports  were — 

Of  Inmber,  38,900  000  feet,  (board  measure ;)  square  timlier,  3,300,000  feet,  (board 
meaanre;)  pickets,  (feno6,)250,000;  shinglea,  l;i,00O,000i  lathi,  5,B00,O00 ;  oedar  posU- 
350,000 ;  hard-wood  lumber,  2,500,000  feet,  (board  meaaure;)  railroad-tiea,  60,000;  tele- 
graph-poles, 2,000:  Btavea,  H9,000;  wagon-hubs,  20,000:  ooal,  24,251  toua;  iron,  ISO.ftM 
tons;  tan-bark,  2,000  cords;  salt,  15,000  barrels;  flour,  2,396 barrels;  fruit, 66,850 pack- 
ages; cotton, 500 bales;  etoves,  1,900 ;  leather, 200 packages;  dry  gotida,  Talue $776,000: 
hardware,  value  £216,000 ;  groccHea,  $804,000;  boota  and  Bhae«,]^lS0,OOO;  paiote,  oIK 
Klaaa,  oil  and  sail  cloth,  $143,000;  hats,  caps,  and  furs,  $6ij,0W;  scationer;  aud  books. 
5130,000;  jewelry,  clocks,  aud  watchea,  850,000;  cigars,  tobacco,  and  liquors,  (94,00ii; 
confectionery  and  candies,  $30,000 ;  furniture  of  all  kinds,  $92,000 ;  sewing-machines, 
$45,000;  drogs  and  medicines,  $162,000;  millinery,  $25,000;  cement,  $4,000.  Total  es- 
timated vnlne,  $7,694,159. 

EzporM.— Wheat,  43,507  bnsfaela;  oats,  143,590  bosbele;  corn,  207,200  bushels;  pota- 
toes, 4,437  baahels;  wool,  400,000  ponuda ;  hay,  2,S2d  tons;  corn-meal,  100  Ions;  KTonnd 
feed,  1,000  tons;  flour,  1,000  barrela;  beef,  1,000  barrels;  pork,  8,000  barrels;  bolter, 


13 

250  tons;  ^^,  100,000  do»n ;  brick,  10,000,000;  lime, 280,000  barrels ;  wagons,  13,500; 
thrashiDg-maclibu,  1,800;  fanning-mUlB, 20,000;  barrels, 2,075;  tninks, 40,000 ;  horsea, 
25;  puiDps,  3,000;  plotra,  cultivators,  sod  reapers,  vslaed  at  (196,000;  baskets  and 
turned  voik,  {50,000;  saab,  doors,  and  blinds,  (219,750;  sbawls  aad  woolen  fabrics, 
9200,000. 

The  number  of  arrivals  of  steamers  and  sailiDg- vessels  was  890 ;  of 
departures,  the  same  number. 

Ab  will  be  seen  by  the  foregoiDg  statement,  the  city  of  Bacine  is  emi- 
nently a  manufactaring  city ;  one  firm  alone  doing  a  manufactaring 
'basiness  of  about  tl,5UO,000  annually. 


X3. 

mPBOTEMENT  OF  KENOSHA  HABBOB,  WISCONSIN. 

The  appropriation  of  (10,000,  made  March  3, 1875,  has  been  expended 
in  dredging  between  the  piera  and  in  placiug  one  crib  50  feet  long  by  30 
feet  wide  in  extension  of  the  north  pier. 

The  estimate  of  il5,000  submitted  in  my  last  annual  report,  or  so  much 
as  may  be  appropriated  this  year,  will  be  applied  to  bnildiog  snper- 
stmcture  over  the  two  ciibs,  100  feet  in  length,  in  extension  of  the 
north  pier,  repairs  of  pier,  and  dredging  in  the  channel. 

ilfonej/  statement. 

Amount  av^lableJaly  1,1875 $15,080  88 

Amount  expended  dnnng  fiscal  yeai  ending  Jane  30,  1876 ........  14,719  05 

Amount  available  J nly  1,1876 361  83 

Amoont  appropriated  by  act  approved  AuKust  14,  1876 8,000  00 

Amount  (estimated]  required  for  completion  of  existing  project 7,000  00 

Amonnt  tbat  can  be  pTofltably  expended  in  fiscal  year  ending  June  30, 1878.  T.OOJ  00 


HISIOET  OP  THE  WOBK  TO  THE  TBAE  1875. 

This  harbor  is  situated  upon  the  west  shore  of  Lake  Michigan,  at  a  dis- 
tance of  about  33  miles  to  the  sonthward  of  Mitwaakee  and  about 
50  miles  to  the  northward  of  Chicago.  As  there  is  no  other  harbor 
to  which  vessels  can  resort  between  Kenosha  and  Chicago,  ita  position 
is  of  importance  as  a  harbor  of  refuge,  although  its  present  limited 
capacity  restricts  it  &om  being  considered  a  flrst-class  harbor  of  that 
denomtDation.  Pike  Creek  is  a  small  brook  which  rnns  through  the 
city  of  Kenosha,  and  which  during  the  season  of  spring  ^esbets  dis- 
charges a  small  volume  of  water  into  "  the  basin,"  At  other  seasons 
of  the  year  there  is  little  or  no  current  from  the  river  ;  consequently, 
the  only  scouring  effect  prodaced  upon  the  bed  of  the  harbor  channel 
is  that  produced  by  such  tidal  influences  as  are  due  to  the  chaDges  in 
direction  and  force  of  the  wind.  The  "  basin,"  as  it  is  termed,  is  the 
aoDthern  section  of  an  extensive  bayou,  trends  northward  from  the  har- 
bor-channel, and  which  is  separated  ft-om  Lake  Michigan  by  a  point  of 
sand  which  has  been  formed  by  the  action  of  the  water  in  a  similar 
manner  to  the  formation  of  the  bars  which  are  common  to  the  outlets 
of  all  streams  npon  this  lake.  The  natural  depth  of  the  water  in  this 
basin  is  about  5  feet,  but  a  depth  of  about  10  feet  has  been  prodaced 
over  a  small  area  of  its  extent  by  artificial  means. 
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Tbe  character  of  the  material  forming  the  bed  of  the  basin  is  soft, 
■which  renders  it  practicable  to  increase  the  depth  of  water  at  a  com- 
paratively low  rate  of  expenditure. 

Tbe  first  partial  records  attainable  in  tbis  office,  respecting  the  im- 
provement of  this  barbor,  are  those  found  in  tbe  report  of  the  Secretaiy 
of  War  for  the  years  1864  and  1855,  in  which  ia  printed  a  report  of  Col. 
J.  J.  Abert,  Corps  of  Topographical  Engineers,  United  States  Army, 
to  the  Secretary  of  War,  dated  Angast  4, 1854.  This  report  shows  that 
an  appropriation  had  been  made  by  Congress  for  this  harbor  improve- 
ment in  Angnst,  1852 ;  for  be  qaotes  from  some  interrogatory  letter 
addressed  to  him  by  tbe  chief  clerk  of  tbe  War  Department,  as  follows : 

First  poiot.  What  part  of  tbe  plan  is  itooalemplated  toesecato  iritb  tbe  unexpended 
balaooe  od  b»Dd  t 

And  replies — 

This  imestioD  being  fnllf  Bnsnered,  and  in  mncb  detail,  bj  a  report  from  tbe  board 
of  the  3d  inataat,  I  have  the  honor  to  siibmit  a  copy  of  it- 
Second  point.  Have  anj  BBHuranoea  been  received  that  tbe  remsiDinK  anm  ueoeaui; 
to  complete,  will  be  faniished  bytbe  local  antboritles  oi  citizens  of  the  placet  (B«p1f.) 
I  am  not  kware  of  the  existence  of  an;  snch  aaanrances ;  there  are  none  in  thia  office  of 
recent  date,  that  is,  since  tbe  pasaaKe  of  the  appcopriaiion  of  Aagost,  1853.  Before 
that  dat«  there  were  intimations  of  this  kind,  and  expenditarea  of  a  MrJoni  amount 
vera  actually  made  bf  the  citizens  of  that  place. 

To  wbich  report  is  afBxed  an  appendix  written  by  the  Secretary  of 
War,  as  follows : 

Tbe  plan  for  the  improvement  of  the  harbor  iritb  the  balance  of  the  appropriation  is 
approved,  it  beinj;  understood,  though  not  stated,  that  tbe  work  proposed  will  be  eoiu- 
piete  in  itself  wilhont  any  further  expenditnrea. 

And  the  Secretary  of  War  farther  states  that — 

The  board  does  not  agree  with  Lientonant-ColoDcl  Oraham  in  reference  to  tbe  drfdj;- 
inginside,  within  the  river  at  Kenosha.        •  •  •  •  • 

But  tbe  board  is  of  opinion  that  none  of  the  soegeetions  of  Lientenant-Cotonel  Gn- 
bam  (except  the  last)  will,  as  explained  in  tbe  letter  of  Colonel  Graham  and  in  the 
report  of  the  board,  occasion  any  expenditure  beyond  the  estimate  of  tbe  approved 
plana ;  and  all  of  these  suggestions  (except  the  last)  were  reviewed  favorably  by  tbr 
board.  It  is  therefore  respectfully  recommended  that  the  revised  report  of  the  board 
be  approved  under  those  restrictions. 

It  is  assumed  that  the  balance  of  fands  remaining  on  hand  iu  1851, 
from  the  appropriation  of  Angust,  1852,  were  applied  to  the  repairs  of 
portions  of  the  older  aectioos  of  the  work,  and  in  dredging  across  t^e 
bar  in  front  of  the  piers.  Since  the  reports  of  1S54  were  made,  very 
important  changes  have  been  effected  npoD  the  shore-line  of  the  lakfi 
throngh  the  agency  of  the  piers. 

On  the  north  side  of  tbe  channel  the  beach  has  been  widened  or  ex- 
tended eastward  fally  300  feet  by  sand  accretions,  and  the  depth  of  the 
lake-water  in  the  vicinity  of  tbe  harbor  has  been  sensibly  diminished 
from  the^shore  oatward,  rendering  the  extension  of  the  piers  imperative. 
If  o  further  steps  were  taken  for  the  improvement  of  this  harbor  nntil  the 
year  1866,  when  the  sum  of  $75,461.21  was  appropriated  by  Congress  for 
this  purpose,  and  contracts  were  made  with  Messrs.  Sanger,  Ledlie  A: 
Corse  for  the  extension  of  both  of  the  piers  of  the  harbor,  by  bnilding 
and  sinking  cribs  on  the  pier  alignments,  and  with  Caleb  H.  Parker  for 
dredging  between  the  piers  and  across  the  bar.  The  length  of  the  pro- 
posed extension  to  the  north  pier  noder  the  contract  was  192  feet,  and 
to  the  south  pier,  352  feet. 

This  work  was  done  daring  the  years  1867  and  1808.  The  outer  crili 
of  tbe  north  pier,  after  being  placed  in  1S67  and  accepted,  was  moved 
from  its  position  during  a  heavy  gale.  The  contractors  were  required 
to  rebuild  this  crib  before  payment  was  made  in  full,  which  they  did. 


1-6 

bat  duriDg  tbe  sncceediug  winter  the  crib  was  agaiD  broken.  It  is 
assumed  that  tbe  loss  of  the  crib  was  attributable  to  the  mauuer  in 
which  the  crib  was  l>oIted,  tbe  augers  ased  for  boring  tbe  holes  into 
which  the  bolts  were  driven  beingof  too  large  a  size,  aud  the  bolts  used 
at  that  time  not  being  swaged  or  beaded. 

Under  act  of  Congress  of  date  April  10, 1SC9,  tbe  sum  of  $a,34C  was 
allotted  for  this  harbor,  which  with  the  appropriation  of  July  11,  1870, 
in  atuouDt  $10,000,  was  in  part  applied  to  the  cutting  down  of  553  run* 
niog  feet  of  snperstmctare  of  the  old  work  of  the  south  pier  and  replac- 
ing the  same  with  new  work. 

On  tbe  3d  of  Marcb,  1871,  tbe  sum  of  $10,000  was  appropriated  by 
Congress,  and  a  contract  was  made  with  Mr.  R,  A,  Oouolly  for  extend- 
ing the  north  pier  by  driving  close  piling  and  surmounting  tbe  same 
with  superatrncture  around  the  outer  crib  sank  in  1&67,  which  was  first 
broken,  aud  subsequently  removed  by  the  sea  to  a  distance  of  9  feet  east 
of  the  position  in  which  it  was  first  placed,  and  also  to  oonstrnct  and 
place  an  additional  crib  50  feet  in  length  by  30  feet  in  width  in  connec- 
tion with  the  same  upon  the  pier  alignment,  which  work  was  completed 
on  the  22d  day  of  December,  1871,  and  on'tbe  following  spring  eaper- 
structure  was  built  over  the  two  cribs. 

By  act  of  Congress,  approved  June  10,  1872,  a  further  appropriation 
of  $10,000  was  made  for  the  impioTement  of  Kenosha  Harbor,  and  on 
tbe  10th  of  August  a  contract  was  made  with  Mr.  F.,M.  Kuapp,  of  Ha- 
cine,  for  building  and  sinking  one  crib,  of  dimensions  50  feet  by  30  feet, 
apon  a  foundation  of  stone,  and  to  make  repairs.  The  crib  was  sunk 
ou  the  3d  day  of  November,  1S72,  in  good  alignment,  and  repairs  were 
made  to  the  old  work  at  the  west  end  of  the  north  pier  adjoining  the 
basin,  by  taking  off  the  old  superstructure,  which  was  in  a  dilapidated 
condition,  for  a  length  of  331.6  feet,  and  replacing  it  with  new  work 
4  feet  in  height  and  12  feet  in  width.  The  bar  in  front  of  the  barber 
entrance  continued  to  form  ontside  of  the  extremities  of  the  piers, 
although  the  last  crib  was  sunk  aud  placed  in  17j  feet  of  water.  In  the 
spring  of  1873  snperstructure  was  built  over  the  crib  sank  in  1872. 

By  act  of  Congress  of  date  June  23, 1874,  tbe  sum  of  810,000  was  ap- 
propriated for  this  harbor,  and  a  contract  was  awarded  to  Mr.  F.  M. 
Knapp,  under  which  he  was  to  build  and  sink  one  crib,  of  dimensions  50 
feet  by  30  feet,  in  extension  of  the  north  pier,  and  make  repairs  neces- 
sary to  the  older  work.  The  crib  was  snnk  in  good  position  ou  the  25th 
of  September  upon  a  foundation  of  stone  previously  laid,  and  a  section 
of  the  old  work  of  the  north  pier,  430  feet  in  length,  extending  west  or 
inward  from  the  original  Deacon-light  crib,  was  cut  down  to  low-water 
mark,  and  new  superstructure  was  built  upon  the  original  substructure. 

In  March,  1875,  Congress  appropriated  815,000  for  Kenosha  Harbor. 
With  this  sum  it  is  proposed  to  extend  the  north  pier  by  sinking  one 
crib  of  50  feet  by  30  feet,  and  to  dredge  in  the  channel. 

The  total  length  of  the  north  pier  from  the  point  of  its  commencement 
at  the  basin  to  the  eastern  extremity  is  1,275  feet.  The  length  of  tbe 
BODth  pier  is  1,150  feet.  Tbe  length  of  the  north  pier  outside  of  the 
shore  accretions  is  now  but  450  feet.  Tbe  accretion  on  the  south  side 
of  the  harbor  has  Datnrally  been  less  than  on  the  north,  the  distance 
from  tbe  shoreline  to  the  east  extremity  of  the  pier  being  775  feet. 

A  bar  still  exists,  or  rather  has  been  reformed  outside  the  month  of 
the  harbor,  which  is  said  to  carry  but  9^  feet  of  water  over  its  crest. 

As  a  depot  for  the  agricultural  products  of  the  interior  district  of  coun- 
try, Eenosba  is  somewhat  unfortunately  situated.  Tbe  great  commercial 
centers  of  Chicago  on  the  south,  and  Milwaukee  on  the  north,  absorb  and  > 
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control  to  a  great  extent  the  business  which  would  aeem  to  belong  prop- 
erly to  Eenosha.  The  railroad  interests  also  conflict  with  the  elemeata 
which  should  eondace  to  the  prosperity  of  the  place.  The  manafoctnr- 
ing  indnstries  of  Kenosha  are  by  no  means  to  be  ignored,  and  as  soon 
as  the  harbor  is  completed,  so  as  to  admit  vessels  of  all  classes,  the  com- 
mercial sources  of  the  city  will  be  secured  proportionally  with  the  facil- 
ities ofTered,  and  also  the  lake  marine  generally  will  be  b^eflted  thereby. 


X4. 

IMPKOV^MENT  OP  FOX  AHD  WISCONSIN  RIVEE8. 

The  work  of  improving  these  rivers  has  been  prosecuted  in  accord- 
ance with  the  general  plan  described  in  former  annual  reports.  The  ac- 
companying reports  of  Capt.  G.  J.  Lydecker  and  First  Lieot.  F.  A.  Hin- 
man,  Corps  of  Engineers,  describe  in  detail  the  work  done  daring  the 
year.  These  officers  have  rendered  me  the  most  efficient  and  cordial 
assistance  in  the  duty  of  conducting  this  work. 

As  stated  in  my  last  annual  report,  contracts  were  made  in  Jane,  1873, 
for  the  construction  of  four  new  locks  of  stone  masonry  on  the  tipper 
Fox,  and  the  reconstraction  of  the  upper  combined  lock  at  Little  Chnte, 
on  the  Lower  Fox.  The  contract-prices  for  these  locks  were  so  tow  that 
additional  contracts  were  made  for  the  reconstruction  of  the  second  lock 
at  Appletou,  the  third  and  fourth  locks  at  Kaakana,  and  the  dams  at 
the  Cedars,  Little  Ohnte,  Rapid  Croche,  and  Little  Kaukana.  Owing  to 
the  low  prices  at  which  these  contracts  were  taken  and  want  of  means, 
the  contractors  failed  to  fulfill  their  contracts.  The  contracts  were 
annulled,  and  the  work  continued  by  open  purchase  and  hired  labor. 
Owing  to  the  failure  on  the  part  of  the  contractors,  the  work  was  greatly 
delayed ;  but  the  past  winter  having  been  mild,  a  considerable  amount 
of  work  has  been  accomplished,  and  the  works  will  probably  be  finished 
nearly,  if  not  quite,  as  soon  as  if  the  contractors  had  been  sueoeasfal. 
The  cost  of  the  works  will  be  greater  than  it  would  have  been  at  the 
contract-prices,  but  not  greater  than  the  estimates. 

The  present  condition  of  the  works  on  the  Fox  is  as  follows : 

The  excavation  and  revetment  of  the  Portage  Canal  has  been  com- 
pleted, except  a  portiou  of  the  revetment  at  the  western  end,  where  it 
is  proposed  to  make  a  basin ;  the  locks  at  Portage  and  Governor's  Bend 
have  been  put  in  working  order,  and  the  Tipper  Fox,  between  Winne- 
bago Lock  and  Governor's  Bend  Lock,  deepened  to  allow  the  passageof 
boats ;  the  new  locks  at  Grand  Eiver  and  Princeton  are  ready  for  lay- 
ing the  walls,  which  will  probably  be  accomplished  in  September  next; 
the  masonry-walls  of  the  new  lock  at  White  Eiver  are  completed  j  the 
new  lock  at  Berlin  is  ready  for  the  masonry-walls ;  the  walls  of  the  new 
lock  at  Eureka  are  completed ;  a  considerable  amount  of  dredging  has 
been  done  on  the  Upper  Fox  in  deepeaing  the  channel  and  excavating 
canals  at  Eureka  and  Berlin ;  the  walls  of  the  second  lock  at  Appleton 
are  well  under  way,  as  well  as  those  of  locks  at  Little  Chute  and  Kaa- 
kana ;  work  on  the  new  dams  on  the  Lower  Fox  has  been  retarded  by 
the  unusual  high  water  of  this  season,  which  has  also  kept  back  the 
work  on  the  locks  of  the  Upper  Fox.  It  is  expected  that  all  of  these 
will  be  completed  this  season,  which  will  open  navigation  on  the  Lower 
Fox.    It  will  not  be  necessary  to  close  navigation  on  this  portion  of  the 
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route  for  any  length  of  time,  as  the  new  locks  to  be  built  can  be  located 
alongside  of  the  old  ooea. 

It  is  proposed  thU  Beaaon  to  pnt  ia  the  daiDS  at  Eureka,  Berlin,  White 
Biver,  Princeton,  and  Grand  Biver,  which  will  make  slackwater  throngh- 
oat  the  tipper  Fox, 

A  new  and  powerful  dredge  baa  been  bnilt  daring  the  past  season, 
and  it  is  proposed  to  ase  this  with  the  other  dredges  to  deepen  acd 
widen  the  channel  of  the  I7pper  Fox. 

It  is  also  proposed  to  pnt  in  a  new  guard  lock  at  the  Wisconsin  eod 
of  the  Portage  Canal.  This  canal  has  been  widened,  deepened,  and 
revetted. 

The  completion  of  the  works  now  in  progress  aod  contemplated  this 
season  will  complete  the  system  of  slackwater  navigatioD  ^m  Portage 
City  to  Oreen  Bay,  and  render  the  river  navigable  at  all  seasons  for 
light-draught  vessels.  The  next  step  in  order  will  be  the  deepening  and 
widening  of  the  channel  by  dredging  and  rock  excavation,  and  the  giad- 
aal  replacing  of  the  old  locks  by  masonry -locks. 

The  amount  of  tolls  collected  dnring  the  year  ending  June  30, 1876, 
is  $385.23,  required  to  be  reported  annually  by  a«t  of  Congress  approved 
July  7,  1870.  Navigation  has  been  interrupted  throughout  the  year  by 
the  rebuilding  of  locks. 

Under  the  act  of  Congreos,  approved  March  3, 1876,  entitled  "An  act 
to  aid  in  the  improvement  of  the  Fox  and  Wisconsin  Biveni,  Wisooo- 
sin,"  which  provides  that — 

In  case  an;  Iftnde  or  other  propertj  1b  now  or  HfaaJl  be  Sowsd  or  Injared  b^  means  of 
R&j  part  of  the  works  of  said  luiprovemeDt  heralofore  or  horeafler  constructed  foe 
which  corapeDsatioD  is  now  or  shall  become  legally  owingi  and  la  the  opinion  of  the 
officer  in  oharge  it  is  Dot  pradent  that  tiie  dam  or  damg  be  lowered,  the  unoant  of  anoh 
oompensatioQ  lua;  be  ascertained  in  like  maoner. 

A  large  number  of  claims  have  been  made  against  the  Oovernment 
for  flowage  damages  principally  caused  by  the  dams  at  the  outlets  of 
Lake  Winnebago.  My  views  on  this  subject  are  contained  in  a  report 
to  the  Chief  of  Engineers,  dated  May  1, 1876,  a  copy  of  which  accom- 
panies this  report. 

The  cost  of  a  new  caoal,  in  addition  to  the  estimates  already  presented 
for  the  completion  of  tbis  improvement,  is  estimated  at  9106,558,  and 
the  cost  of  deepening  the  present  canal  and  Menasha  channel  to  fall 
width,  so  that  boats  coald  pass  if  the  dams  were  removed,  is  estimated 
as  follows: 

66,000  oahlD  yarda  of  dredgiDK,  at  30  cents (tS.eOO 

I'offer-dam 3,000 

ExcavatiDKl8,500oabioyard«of  rock,  atfl m,500 

Coutiogeneies 5,300 

40,000 
I  would  recommend  the  excavation  of  a  new  canal  as  an  nltimate 
measnre  to  complete  the  improvement,  but  in  order  to  settle  tbis  qoes- 
tion  of  flowage  it  would  probably  be  advisable  to  deepen  the  present 
canal,  which  can  be  done  at  comparatively  small  cost  and  in  a  short  time. 
The  special  assistant  attorney-general,  appointed  by  the  Attorney-Gen- 
eral, to  represent  the  interests  of  the  United  States  nnder  the  act  above 
mentioned,  the  Bou.  B.  L.  D.  Potter,  expresses  his  concurrence  with 
my  views  on  this  sabject. 

The  work  on  the  Wisconsin  Biver  was  prosecuted  during  the  season 
of  1875  on  the  plan  of  contracting  the  channel  by  means  of  wing-dams 
and  jetties,  and  obtaining  an  increased  depth  by  the  scouring  action  of 
the  cnrrent.    The  results  of  last  season's  work  were  retorted  by  me  to  > 
AP.  1—3 


18 

the  Chief  of  Engineera  in  a  letter  dated  December  IS,  1875,  a  copy  of 
which  accompaDies  this  report.  I  also  snbinit  herewith  apaperillus- 
tiated  by  drawiD^  oa  the  improvement  of  the  Wiscondia  Biver,  ebow- 
ing  the  practical  operations  of  the  work. 

No  work  has  bwn  done  on  the  Wisconsin  the  present  seaaon,  the 
fands  available  being  all  reqaired  for  the  prosecution  of  the  work  inaug- 
urated on  the  Fox,  and  the  portion  of  the  last  appropriation  set  apitft 
tor  the  Wisconsin  Biver  having  been  expended  last  season. 

A  recent  examination  of  a  portion  of  the  Wisconsin  Biver  shows  that 
the  results  of  last  season's  work  in  improving  the  channel  have  not 
been  iDJurioQsly  affected  by  the  high  water  of  this  seasou,  and  warrants 
the  opinion  that  the  navigatioD  of  the  river  can  be  permaneDtly  im- 
proved by  the  method  adopted. 

Work  will  be  resumed  on  the  Wisconsin  as  soon  as  an  addltaonal  ap- 
propriation becomes  available. 

I  am  greatly  indebted  to  my  assistants,  Captain  Lydeoker  and  Liea< 
tenant  Hinman,  of  the  Corps  of  Engineers,  for  their  efficient  and  zealoos 
co-operatiou  in  the  condnct  of  this  work,  and  also  to  the  civil  aasistaiit 
engineers  and  others  employed  in  the  immediate  supervision  of  the  dif- 
ferent works. 

There  have  been,  during  the  past  year,  16  different  works,  each  ra- 
4]niring  a  special  overseer  or  inspector,  also  a  special  party  engaged  in 
•constructing  30  lock-gates ;  the  construction  of  a  dredge  by  contract, 
reqniriug  a  special  inspector ;  the  operating  of  two  drodge-boats  and  one 
steamer,  besides  varions  minor  operations.  Ibeae  works,  distributed 
over  a  line  270  miles  in  length,  require  a  large  force  for  superintendence. 

Daring  the  year  an  accurate  survey  of  the  Fos  Biver  has  been  com- 
pleted and  the  results  plotted  on  a  scale  of  1  iocb  to  200  feet. 

The  com])let«  survey  of  tht«  Fox  and  Wisconsin  Uivers  on  this  scale 
is  (for  the  plan)  plotted  on  59  sheets,  in  all  472  feet  in  length.  Besiiie 
this  are  several  sheets  showing  profiles  and  cross-sections.  Numerous 
local  surveys  necessary  in  the  progress  of  the  work  have  also  been  made 
by  the  assistant  engineers.  The  following  estimate  is  submitted  for  tbe 
ilscal  year  ending  Juno  30,  1878,  to  carry  out  the  general  plan  submitted 
in  my  estimate  to  the  Chief  of  Engineers,  dated  -January  0,  1875.  (Be- 
port  of  Chief  of  Engineers  for  1875,  page  521.)  This  is  the  only  estimate 
that  has  been  submitted  for  completing  the  work ;  partial  estimates 
only  had  been  previously  submitted.  This  estimate  was  $3,599,105. 
Since  it  was  made,  the  sura  of  $500,000  has  been  appropriated,  leaviog 
■the  amount  remaiuing  to  be  appropriated  for  completion,  $3,099, 105.  To 
this  should  be  adde<l  the  sum  $146,558  for  deet>ouiug  present  canal  anil 
channel,  and  for  new  canal  at  Meuasba.  I  estimate  that  $760,000  cab 
be  advantageously  expended  during  the  fiscal  year  ending  Jaue3<>, 
1878. 

There  have  been  appropriated  for  this  work  by  acts  of  Congress  ap- 
proved— 

-JnlylO,  IWO,  improving  Wiaoonein  Eiver WOO,0W 

Joue  10, 1H22,  parchsM  of  property  aod  fruichigea  or  Green  Bay  aud  Missis- 

dppi  Caoal  Cdtiipany 145,009 

March  3,  1873,  improving  Fox  and  Wisconsin  Biverg 30fl,0i"' 

June  23,  1874,  improving  Fox  and  Wieconsin  Hivbtb 300,  WO 

March  3, 1875,  itnproving  Fox  aud  Wfaoonstii  Hiven 500,000 


The  following  papers  are  submitted  with  this  report : 

ml 


No.  I.  Keporlof  Hqj.  D.  C.  HoDBton  on  improvemant  of  Wisoonalu  River,  dated  De- 
oember  15,  1875. 
No.  II.  Paper  on  improvement  of  Wiaoonsin  River  by  M^.  D.  0. 1 
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So.  in.  B«poTt  of  H^.  D.  C.  Houflton  oD  qaestion  of  lowering  tbo  damaat  oatloM  of 
Lake  Winnebiigo,  aatad  Hay  1, 1'CS. 
No.  IV.  Beport  of  CaptaiD  Lydeoker,  dated  July  &,  1S76. 
No.  V.  Report  of  L  i  en  tenant  UlDmaa,  dated  December  9,  1875. 
No.  VI.  Report  of  Lieutenant  Hinman,  dated  Jnly  3, 1H76. 
No.  VIL  Raport  of  Lieutenant  EQnman,  dated  July  5,  1876. 

Monejf  statemaU. 

AmountaTOiUble  July  1,1975 $579  107  43 

Amoant  nMived  from  tolls  on  Fox  Bivtir  for  flwal  year  ending 

Jane  30,  1875 |SM  96 

Amount  reoeived  from  tolls  on  Pox  Biver  for  flaool  year  eoding 

June  30, 1876 386  33 

750  19 

Amoant  expended  daring  fiscal  year  ending  Jnne  30, 1876 4S0,415  45 

Amonnt  avaiUWe  jQly  1,  1876 15»,442  17 

A moDQt  appropriated  by  act  approTed  Angnst  14,  1876 270,000  00 

Amount  (sHtimated)  reqaired  for  completion  of  exintlng  protect 8,975,663  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enaiag  Jane  30, 

1878 750,000  00 


I. — BBPOBT  OF  MAJOR  D.  O.  H0U8T0IT,  CORPS  OF  ENOINERBB,  DATED 
DEOEUBBR  15,   1875,  ON  IMPSOVEaiENI  OF  WISOONBIH  RIVER. 

UmxED  States  Enqimbbr  Office, 

Milvrntikee,  Wit.,  Deoemher  15, 1875. 

General  :  I  have  the  honor  to  traaHinit  herewith  a  report,  by  First 
liieutenant  F.  A.  HtomaD,  Corps  of  EDgineers,  of  the  operations  oq  the 
Wisoonsin  Kiver  daring  the  present  seaaon,  with  the  reports  of  oTerseers 
in  charge  of  parties. 

AccotnpaDfiDg  this  report,  are  two  traoings,  marked  Nos.  1  and  2,  show- 
ing the  works  coDstracted  and  Bontidint^  taken  in  October  last. 

The  operutioQB  of  the  past  season  have  coasisted  in  perfecting,  as  far 
as  possible,  the  system  of  improvement  on  those  sections  of  the  river 
where  work  had  been  done  in  former  seasons  by  potting  in  additional 
dams  aud  shore  protections,  and  making  such  modiflcatious  in  methods 
of  constrnctioQ  as  experience  has  suggested. 

Heretofore  the  work  has  been  more  disCribnted,  with  the  view  of  get- 
ting the  river  gradually  nnder  control  and  coutining  tbe  water  to  a  single 
channel. 

Persons  along  tbe  roate  and  others  had  become  impatient  at  the  slow 
progress  of  the  improvement,  and  had  aronsed  a  sentiment  of  opposi- 
tion to  the  plan  adopted,  and  were  clamoring  for  the  eoDStrnction  of  a 
canal  along  the  river-bank.  It  was  determined,  therefore,  to  confine  the 
work  to  short  sections  of  the  river,  and  perfect  the  system  as  far  as  pos- 
sible, in  order  to  demonstrate  the  snccess  or  non-saocesa  of  the  system. 

Tbe  plan  adopted  consists  in  reducing  the  width  of  the  river  and  con- 
fiDing  the  channel.  The  bed  of  the  river  being  light  sand,  it  reqaircs 
DO  demonstration  here  to  show  that  an  increased  depth  will  resnlt.  We 
find  wherever  the  river  is  nnrrow,  and  wherever  it  has  been  contracted 
by  artificial  means,  that  the  channel  is  deeper  than  in  the  wide  portions. 

If,  therefore,  the  waters  of  the  river  were  to  be  confined  between  two 
parallel  dikes,  it  is  evident  that  an  improved  channel,  as  to  depth  of 
water,  would  result.  Bat  it  is  necessary  to  dispose  of  the  sand  which 
is  scoured  out  by  the  oonceutratioa  of  the  curreut,  aud  fur  this  reason, 
instead  of  building  parallel  dikes  to  contract  the  channel,  spurs  made  of 
brush  loaded  with  stone  are  projected  from  the  banks  so  that  tbe  band 


may  be  deposited  in  tbe  intervals  betveen  them,  forming  new  banks 
and  Qltimat«l,T  produciog  the  same  effect  as  the  imralle)  dikes.  At  tbe 
ends  of  the  spars  or  ving-dams  are  arms  extending  down  stream,  dC' 
signed  to  prevent  a  too  rapid  dispersion  of  the  current. 

Where  the  earrent  impinges  against  the  bauke,  tbe  latter  are  pro- 
tected by  layers  of  brash  loaded  with  stone  so  as  to  couflne  the  ehauDel 
at  those  points. 

The  diffioalties  in  the  application  of  this  method,  simple  in  itself,  con- 
sist in  the  proper  arrangement  of  the  dxms,  Iheir  distance  apart,  their 
height,  &c.,  and  the  amonnt  of  contraction  to  be  given  to  the  channel. 
These  points  are  only  determined  by  experience  in  the  particular 
case.  It  is  snbmitted  that^he  result  of  last  season's  work,  as  shown  b; 
the  accompanying  reports  and  tracings,  warrants  the  opinion  that  thtt 
method  adopted  will,  if  persevered  in,  resnlt  in  such  improvement  of  the 
navigation  of  the  Wiscousia  Biver  as  will  meet  the  leqniremeuta  of 
commerce. 

fieferring  to  tracing  "So.  1,  showing  the  work  from  Portage  City  to 
Sank  City,  a  distance  of  27  miles,  it  will  be  observed  that  tbe  stage  of 
water  at  the  date  of  the  soundings  was  only  2.1  inches  above  low  water 
of  1873.  For  a  distance  of  12  miles  below  Portage  City  additional 
dams  and  shore- protections  have  been  pnt  in,  perfecting,  as  far  as  prac- 
ticable, the  system  of  improvements.  It  will  be  observed  that  in  tbis 
distance  of  abont  12  miles  below  Portage  City,  ont  of  284  soundings, 
there  are  40  less  than  4  feet,  15  less  than  3j  feet,  and  bat  2  less  than  3 
feet.  It  is  to  be  remarked  that  many  of  these  dams  having  been 
recently  bnilt,  the  current  has  not  had  time  to  produce  its  full  effect, 
but  since  the  date  of  the  soandings  it  is  reported  that  there  is  not  les« 
than  3  feet  of  water  in  tbe  chann^  on  this  section.  After  the  carreuE 
has  produced  its  effect,  it  will  be  seen  what  additional  works  are  needed. 
!Now  it  is  well  known  that  before  these  works  were  built,  this  portiou  of 
the  river  at  that  stage  of  water  was  obstructed  by  a  succession  of  sand- 
bars, entirely  preventing  navigation  of  any  kind.  Moreover,  a  com- 
parison of  the  present  sonndings,  with  soundings  taken  ia  former  years, 
indicates  a  marked  improvement  in  the  channel. 

It  is  evident  to  me  that  if  we  can  prodace  a  cbanoel  of  3j  feet  by  tbe 
method  we  have  pursued,  an  additional  depth  may  be  secared  by  still 
farther  contracting  the  channel,  the  material  to  be  scoured  out  remain- 
ing the  same. 

£  am  informed  throngh  the  press  that  a  petition  will  be  presented  to 
Congress  this  session  condemning  the  system  of  improvement  adopted 
on  the  WiBconsiu  Kiver,  and  asking  for  the  construction  of  a  canal  from 
Portage  to  the  Mississippi,  a  distance  of  IIS  miles.  Tbe  impreasion  also 
prevails  that  the  money  already  extended  on  the  Wisconsin  will,  in  that 
case,  be  thrown  away. 

In  my  opinion  an  improved  river-channel,  with  navigation  aninter- 
mpted  by  locks  and  accidents  to  which  a  canal  ia  subjected,  ia  mnch 
more  desirable  than  a  canal,  and  no  efforts  should  be  spared  to  attain 
it,  so  long  as  a  possibility  of  success  exists.  Partioalarly  ia  this  the 
case  when  we  consider  the  relative  cost  of  the  two  plans.  Bat  it  it 
probable  that  these  points  will  be  thoroughly  considered  before  Con- 
gress takes  any  action  in  the  matter.  I  desire,  however,  to  correct  tht 
impression  that  the  money  expended  on  the  Wisconsin  Biver  will  han 
been  thrown  away  in  case  a  canal  should  be  built.  The  navigation  of 
the  river  will  be  an  important  aid  in  the  construction  of  the  canal  fa 
the  transportation  of  materials  &nd  supplies  required  in  its  constmctioDi 
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and,  therefore,  vhatever  is  done  to  improve  that  oavigation  would  be 
an  essential  aid. 

Tbat  the  navi^tioa  of  portions  of  the  Wisconsin  Biver  has  been  im> 
proved  to  a  certain  extent  b;  the  plan  adopted,  and  that  the  rest  can 
be  is  a  fact,  vhatever  representation  to  the  contrary  may  be  made. 
That  there  shonld  tte  an  impatience  exhibited  is  natural,  hat  it  is  doubt- 
ful irhetber  this  would  be  relieved  by  adoptfng  the  caual  plan.  In  the 
first  place,  detailed  surveys  and  estimates  are  required,  and  then  large 
appropriations.  In  the  absence  of  detailed  surveys,  my  opinion  is  that 
the  proposed  canal  would  cost  not  less  than  $10,000,000.  That  such  a 
canal  is  perfectly  practicable,  and  that  it  woald  provide  a  reliable  water- 
way is  andoubt^ ;  but  it  ia  a  serious  question  whether  the  results  to  be 
obtained  would  warrant  any  such  expenditure,  aiid  whether,  with  such 
an  expeuditure,  the  desired  results  could  not  be  better  and  more  expe- 
ditiously secured  in  some  other  way. 

A  strong  argument  of  the  original  advocates  of  carrying  on  this  work 
by  the  General  Oovemment  was  its  great  economy,  but  if  to  $10,000,000 
be  added  the  amount  required  for  the  improvement  of  the  Fox  Kiver, 
we  have  $14,000,000  for  a  transportation -route  irom  the  Mississippi  to 
Lake  Michigan,  a  distance  by  the  shortest  line  of  138  miles — $100,000 
to  the  mile.  With  this  sum  a  double-track  road  of  the  most  ample 
capacity  could  be  construct^  and  equipped,  available  at  all  seasons  of 
the  year,  subject  to  no  accidents  that  could  not  be  repaired  in  a  few 
tiays,  and  the  cost  of  transportation  would  be  reduced  to  actual  running 
expeoees. 

Id  the  report  of  the  Select  Committee  of  the  Senate  on  Transporta- 
tioD-IioateB  to  the  Seaboard,  Senate  Report  307,  part  1,  Forty-third 
Oongress,  first  session,  it  is  stated  with  regard  to  the  central  route  that 
if  the  flight-railway  from  the  Kanawha  to  tide-water  be  adopted 
iDStead  of  the  canal  and  slackwater  improvement,  the  cost  of  trans- 
portation from  the  Ohio  Biver  to  the  ocean  will,  it  is  believed,  be  sub- 
Htantiatly  the  same  as  above  stated,  i.  e.,  the  coat  of  transportation  by 
a  freight-railway  509  miles  would  be  the  same  as  by  canal  M6  miles 
and  slackwater  161,  while  the  cost  of  the  caual  and  slackwater  route 
is  estimated  at  $56,000,000,  and  that  of  the  railway  oniy  $25,000,000, 
leas  than  one-half. 

The  idea,  then,  of  connecting  the  great  water-highways  of  the  conti- 
Deut  by  freight-railways  instead  of  by  canals  has  the  highest  authority, 
and  if,  as  a^ve  stated,  the  cost  of  transportation  is  substantially  the 
same  in  either  citse,  the  question  of  cost  of  construction  would  seem  to 
be  decisive.  In  neither  of  the  casea  where  a  freight- rail  way  hns  been 
saggested  by  the  committee,  viz,  the  southern  and  central  routes,  ia  the 
case  so  favorable  as  between  Lake  Michigan  and  the  Mississippi,  either 
as  regards  distance  or  cost  of  constmclion.  In  the  central  route,  the 
clietance  to  be  overcome  is  509  miles,  in  the  aoutbem  route,  430  miles; 
while  between  the  Mississippi  and  Lake  Michigan,  the  shortest  distance 
by  rail  is  only  13S  miles. 

The  committee  states  in  regard  to  the  central  route  that  the  question 
as  between  canal  and  railway  is  to  be  decided  after  the  completion  of 
careful  surveys  and  estimates. 

The  only  argument  in  favor  of  the  improvement  of  the  Fox  and  Wis- 
consin Bivers,  is  tbat  it  can  be  done  at  a  moderate  cost  by  improving 
the  natural  navigation  of  these  rivers.  If  it  becomes  necessary  to  make 
a  canal  to  accomplish  the  object  at  a  large  cost,  it  is  evident  at  once 
that  the  desired  results  could  be  better  secured  by  adopting  the  alter- 
native plan  of  a  freigfatrailway  as  suggested  by  the  committee  in  ref- 


ereiice  to  tbe  other  routes.  The  railway  vonld  cost  less.  HaviDg  to 
pa;  no  divideuds  or  interest,  tbe  cost  of  traDsportatiou  would  be  as  lev 
as  on  a  canal  and  it  woald  be  available  at  all  seaaons. 

I  think  it  would  be  well  to  consider  this  question  be- 
fore resortinff  to  tbe  costly  expedient  of  a  canal,  in  case 
further  operation  should  demonatniCe  the  &ilure  of  tbe 
present  plan  of  improvement. 
I  am,  general,  very  reapectfollyjyour  obedient  servant, 
D.  0.  Houston, 
Mqjor  of  Enginten,  V.  S.  A. 
Brig.  Geo.  A.  A.  Htjhphbsts, 

Chief  of  Engineers  U.  &  A. 


n.— METHOD  OF  IMPEOTING  THE  NAVIGATION  OF  THE 
WISCONSIN  BITSB,  BY  MAJ.  D.  0.  HOUSTON,  OOBPS  OF 
SNOINBEB8. 

The  plan  adopted  and  being  carried  out  in  tbe  im- 
provement of  the  navifcatioQ  of  this  river  is  to  reduce  irs 
width  and  increase  its  depth  by  the  scouring  action  of 
tbe  current.  Tbe  river  bas  a  bed  of  sand,  and  its  nav- 
igation is  obatmcted  by  sand  bars,  or,  properly  speak- 
ing, sand  waves.  Tbe  general  form  of  these  bara  is  shown 
by  tbe  accompanying  loDgitudinal  section  of  a  portion  of 
the  river. 

The  full  and  dotted  lines  show  the  changes  that  are  con- 
stantly taking  place  in  the  position  of  the  bars.  The  a[>- 
stream  slope  is  very  gentle,  and  the  down-atream  slope 
abrupt.  The  eli'ect  of  tbe  current  is  to  move  tbe  sand  up 
the  np'Stream  slope  until  it  reaches  the  crest,  trhen  it 
falls  into  the  deep  water  immediately  below;  conse- 
quently the  crests  of  tbe  bars  are  coutinnally  moving 
down  stream.  The  depth  of  the  crests  below  the  sur- 
face varies  with  tbe  width  of  the  channel.  Tbe  narrower 
tbe  channel  th^t  greater  tbe  depth  on  tbe  bars.  The  ob- 
ject of  the  works  of  improvement  is  not,  then,  as  in  many 
cases,  tbe  removal  of  the  bars,  but  to  lower  tbem.  Tbe 
bars  or  sand-waves  will  still  exist  and  move  as  before, 
bat  their  crests  will  be  forced  down  so  as  to  admit  the 
discharge  of  the  river  when  confined  in  narrower  limits. 

This  brief  statement  is  given  as  a  preliminary  to  an 
account  of  the  practical  methods  adopted  in  carrying  out 
tbe  plan.    In  the  first  place,  all  lateral  channels  are  lait 
ofi'  by  dams,  so  as  to  confine  the  river  to  a  single  chan- 
nel at  low  water.    "Where  tbe  river  is  too  wide,  spurs 
or  wing-dams  are  projected  from  the  banks  nntil  tbe  re- 
qaired  contraction  is  obtained.    From  the  end  of  these 
spnrs  an  arm  is  extended  down  stream  to  prevent  the  too 
rapid  dispersion  of  the  current.    The  general  arrange- 
ment  of  these  works  is  shown  in  Fig.  8. 
The  effect  of  these  contractions  is  to  sconr  out  the  sand  which  is  de- 
posited between  the  dams,  forming  new  banks,  and  conseqaently  a  re- 
duced width  of  channel  throughout.    An  immense  quantity  of  sand  is 
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thus  distorbed,  and  a  conBiderable  time  is  required  to  form  tbe  new 
cbaonel.  The  immediate  effect  of  tbe  work  may,  therefore,  be  prejndi* 
cial  to  Davigation,  aad  give  rise  to  tbe  opinion  among  superficial  ob> 
serrers  that  the  system  la  a  failure.  Tbe  ving-dams  geaerally  makean 
angle  irith  the  shore  np  stream  somevhat  less  than  a  right  angle.  This 
tbrows  tbe  water  passing  over  them  at  high  water  away  trom  tbe  river- 
bank  and  dimiDishes  the  abrading  effect.  It  ia  also  foand  to  facilitate 
constmctioD  by  reducing  tbe  scour  along  the  face  of  the  dam.  At  the 
angles  of  tbe  main  dams  with  their  down-stream  arms  short  apnrs  are 
placed,  which  prevent  undermining.  When  tbe  current  impinges 
strongly  against  the  bank  the  latter  is  protected,  when  of  yielding  ma- 
terial, by  a  facing  of  brnsh  and  stones.  Fig.  7  illsstrates  tbe  effect  of 
these  works  upon  tbe  current  and  the  manner  in  which  tbe  sand  scoured 
out  is  deposited  between  tbe  dams.  Tbe  material  used  in  the  constrne- 
tion  of  these  works  is  brnsh  loaded  with  stone.  Only  sufBcient  stone  ia 
used  to  hold  tbe  brush  In  place  until  it  becomes  filled  and  surrounded 
by  deposits  of  sand.  Experience  here  and  in  Europe  has  shown  that 
this  material  is  the  best  adapted  for  soch  work,  besides  being  tbe  ouly 
one  which  can  be  used  on  ancb  extensive  worka  on  acooant  of  its  small 
cost.  Tbe  brush  is  first  bound  into  fascines,  which  are  combined  into 
mats,  as  shown  in  plat«  3. 

First  Lieut.  F.  A.  Hinman,  Oorpa  of  Engineers,  has  prepared  the 
foUowiug  description  of  tbe  practical  method  of  oonstracting  tbcae 
works : 

1. — OHGAIflZATION. 

The  working  party,  numbering  150  men,  is  under  tbe  immediate 
charge  of  an  overseer,  (assisted  by  a  snboverseer,)  aud  Is  subdivided  as 
follows :  2  boatcrews,  2  crews  of  12  men  each  constmctiug  dams  and 
shoce-protectioDS,  2  crews  of  4  men  each  loading  mats  and  stone,  1 
snagging  party,l  ship-carpenter, and  1  blacksmith.  The  balance  of  tbe 
force  is  employed  iu  quarrying  stone  when  necessary,  in  tbe  brush  in 
making  mats,  and  also  in  delivering  them  on  the  bank  of  the  river. 

2. — ODTPIT. 

The  outfit  comprises  the  following-described  light-drangbt  boats,  fully 
eqoipped  with  tbe  requisite  lines,  blocks,  anchors,  pike-poles,  axes, 
hatchets,  picks,  shovels,  wheelbarrows,  &c. :  1  st^m  tow-boat,  with 
gronaer  forward  and  a  drum  for  winding;  1  steam-scow, (for  ude. in 
felling  leaning  timber,  snagging,  &c.,)  with  grousers  fore  aud  aft,  and  a 
Bpool  for  winding ;  6-70  feet  by  18  feet  scows,  with  grousers  and  cap- 
stans fore  and  aft ;  6-45  feet  by  14  feet  scows,  with  grousers  fore  and 
aft:  2  quarter-boats,  with  grousers  fore  and  aft;  1  floating  warehouse, 
with  grouser  fore  aud  aft ;  1  floating  carpenter  aud  blacksmith  shop, 
with  grouser  fore  and  aft. 

A  grouser  {Fig.  1)  is  a  heavy  nak  timber,  usually  iron-pointed,  that 
passes  through  the  hull,  or  down  the  side  of  a  boat,  near  tbe  eud,  for 
tbe  purpose  of  auchoring  it,  or,  when  two  are  used,  for  holding  a  boat 
in  any  position  with  regard  to  the  current. 

The  grouser-frame  is  used  in  operating  it.  The  grousers  of  tbe 
quarter -boats,  warehouse,  and  shops  pass  down  their  sides. 

A  matpole  is  ^0  feet  long,  3  inches  in  diameter,  and  should  be 
smoothly  shaved  and  iron-pointed. 

A  mat-hook  is  lighter  than  a  mat-pole,  but  is  otherwise  similar  to  it, 
except  that  it  has  an  iron  hook  large  euoogh  to  hook  on  the  biuding- 
pole  of  a  mat    . 


3.— STONB  iJn>  WOOD. 

Btone  i8  porcbased  delivered  ia  regnlar  piles  at  otHiTeDient  points 
along  tbe  river.  The  piles  sboDid  be  very  near  the  water's  edge,  par- 
allel with  tbe  sbore-line,  and  not  over  8  feet  in  width,  for  convenience  in 
loading.  Flat  stone  are  preferable,  as  the;  lie  oloser  and  make  mora 
even  work  than  if  otherwise.  Their  weights  should  range  from  &  U>  75 
pOQnds,  for  oonvenieooe  in  handling. 

As  the  working  season  is  short,  it  is  important,  and  ecoDomical  too, 
that  atone  and  wood  should  be  porobased  and  delivered  itt  the  winMr, 
in  order  to  save  long  hanU  by  t«am  or  by  boat,  wben  roada  are  bad  oc 
when  boats  cannot  well  be  spared.  All  materials  ebonld  be  piled  above 
the  proposed  work  when  it  can  be  doae  advantae^asly,  in  order  to 
render  towing  easier.  Stone  ia  loaded  on  the  large  aoows,  except  tot 
work  in  very  shoal  water,  when  small  aoows  are  ased. 

4. — FASOIHES. 

FascineB  are  made  of  ^<«n  hmah,  from  half  an  inch  to  2  incfaes  in  di- 
ameter at  the  batt,  bonnd  together  by  3  withes.  Tbey  are  cylindrical 
in  form,  about  10  inches  in  diameter,  and  12  feet  in  length.  Tbey  are 
maunfactured  as  follows :  the  party  is  divided  into  binders  and  cotters, 
one  of  each  working  together.  Each  binder  provides  himself  with  6 
stoat  stakes,  3j  feet  long  by  2  inches  in  diameter,  with  which  he  makes 
3  crotches  (Fig.  2)  by  driving  tbem  firmly  into  tbe  groaod  i  feet  apart, 
and  binding  them  with  latfa-yarn  at  their  intereectiona.  Tbe  opper 
opening  of  the  crotches  shoald  be  18  inches  by  18  inches.  The  cntters 
are  placed  in  line  in  the  bmsta  100  feet  apart ;  each  binder  is  placed  oO 
feet  in  advance  of  his  cutter,  thereby  enabling  the  latter  to  work  over  a 
square  100  feet  on  a  side,  the  binder  and  bia  bench  being  in  the  center. 
Each  cutter  piles  his  brush  near  the  bench,  bntt-ends  one  way,  within 
easy  reacb  of  his  binder,  The  cutter  provides  willow,  birch,  or  baiel 
withes  i  inch  to  ^  inch  in  diameter  at  the  batt,  and  also  4  biuding-polea 
for  every  6  or  7  fascines  made  by  his  partner.  These  poles  should  be  6 
feet  long  by  2J  inches  in  diameter.  They  are  trimmed,  and  2  laid  be- 
tween every  6  (or  7,  as  the  case  may  be)  fascines  piled  by  the  bitider. 
The  binder  first  selects  a  sapling  tbe  full  length  of  a  fascine  and  lays  it 
in  tbe  crotches  of  bis  beucb,  taking  care  to  bend  in  all  tbe  branches. 
This  affords  a  foundation  for  tbe  smaller  bmsb  that  is  to  compose  the 
ftiscine.  He  placeseacfa  piece  in,  one  at  a  time,  so  as  to  break  joints, batts 
one  way.  When  the  bench  is  nearly  full  another  long  sapling  ia  pat  on, 
and  the  whole  mass  crowded  together  with  the  knee,  and  bound  with 
withes  near  each  crotch.  Should  the  withes  be  brittle,  tbey  will  be- 
come pliable  if  soaked  overnight  in  water.  Two  men  wiU  make  64 
fascines  in  8  honrs. 

The  tiBscines  and  binding-poles  are  tranaport«d  to  a  good  boatland- 
log  on  a  wagon  having  an  ordinary  wood-rack.  The  fascines  shoald  be 
piled  (batts  one  way)  on  an  open  piece  of  ground  as  near  tbe  proposed 
dam  as  possible. 

S.—KA.TB. 

A  mat  (Fig.  3)  is  composed  of  6  or  7  fascines  laid  side  by  side,  and 
tightly  bonnd  between  4  poles  tied  together  at  the  ends  and  middle  with 
latb-yarn;  its  dimensions  are  about  12  feet  by  6  feet  by  8  inches.  The 
size  of  the  mats  depends  on  the  kind  of  brash  available.  Those  of  soft 
wood  are  larger  than  those  of  hard,  the  intention  being  to  have  them  so 
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that  fonr  men  can  easily  handle  tbem.  The  mat-tnakers  work  in  pairs; 
eaoh  pair  has  a  mat-frame  (Fig.  4}  or  a  aet  of  4  rollers,  (eaob  1  foot  io 
length.)  together  forming  on  the  gronnd  a  rectangle  4  feet  by  6  feet, 
(Fig.  5.)  In  making  mats,  the  mat-frame  (or  set  of  rollers)  is  placet!  at 
the  end  of  a  pile  of  fascines  and  on  it  are  laid  ttvo  binding-poles;  on  and 
across  these  are  sqaarely  placed  3  faecines,  bntt  ends  one  way ;  a  strand 
of  lath-yarn  3  feet  long  (several  strands  are  carried  abont  the  neck)  is 
then  tied  to  the  middle  of  each  binding-pole  and  temporarily  caugbt  on 
the  top  of  the  nearest  fascine.  Three  (or  fonr)  more  fascines  are  then 
similarly  placed  beside  tbe  others,  after  which  2  more  binding-poles  are 
placed  directly  over  tbe  others  and  made  fast  to  tbem  respectively  at 
the  ends  of  the  same  side,  one  man  holding  up  the  opposite  end  of  each 
apper  pote,  so  that  when  forced  down  against  the  fascine  the  lath-yarn 
will  draw  tight.  A  ronnd  tarn  is  taken  on  each  pole  to  prevent  the  tie 
from  slipping.  Both  men  then  proceed  to  tbeaubonnd  side  at  the  batt; 
one  sits  down,  takes  the  two  bntt  binding-poles  in  his  bands,  and  with 
his  feet  crowds  the  fascines  together,  assisted  by  the  other  man,  who 
ties  the  two  ends  near  tbe  onter  fascine ;  this  process  is  repeated  at  the 
bmsh-end  binding-pole,  after  which  each  man  ties  the  respective  poles 
together  in  tbe  middle,  and  cuts  them  off  at  the  end  as  close  to  the  tie 
as  possible.  The  mat  is  then  turned  up  on  edge,  propping  up  the  first 
for  a  backing,  tbe  frame  palled  along,  and  the  operation  repeated.  Two 
men  will  make  80  mats  iu  6  hoars.  The  above  method  of  making  fas- 
cines and  mats  not  only  greatly  facilitates  handling  and  transportiag 
the  brush,  bat  it  also  keeps  the  same  in  good  shape  when  subjected  to 
tbe  strains  that  follow  la  constracting  dams,  &c.,  and  moreover  makes 
the  dame,  &c,  compact  and  even.  When  mats  are  made  over  S  inches 
in  thickness  they  are  apt  to  be  loose,  and  do  not  make  so  tight  a  dxm  as 
otherwise,  there  being  necessarily  too  great  a  proportion  of  brush  to 
stone,  as  tbe  latter  Is  laid  on  evenly,  and  only  so  many  can  be  nsed  to 
advantage.  Small  scows  are  nsed  in  transporting  mats.  The  most  con- 
venient fUid  economical  way  of  loading  mats  is  for  4  men  to  carry  tbem 
by  binding-poles,  placing  6,  one  npon  tbe  other,  at  tbe  end  of  tbe  scow ; 
tbese  form  a  backing  against  which  the  balance  rest,  placed  2  abreast 
on  the  bntt  eud. 

6. — OOKPOHENTS  OF  A  DAM. 

A  dam  (Pig.  6)  is  built  about  2  feet  above  low  water,  expecting  it  to 
settle  some ;  it  is  asuully  composed  of  tbe  shore  protection  A,  the  wing- 
dam  B  fi',  the  spnr  D,  and  lastly  the  slant  B'  C.  The  shore-protectioa 
extends  from  the  shore-end  of  tbe  wiug-dam  to  a  point  40  or  oO  ft^t 
below  it,  depending  ia  length  apon  tbe  location,  bank,  and  importance 
of  tbe  dtun.  Too  much  importance  cannot  be  attached  to  tbe  shore-pro- 
tection, as  in  time  of  fVeshets,  when  tbe  water  passes  over  tbe  wing- 
dam,  an  eddy  Is  formed,  which  would  eat  away  the  bank  and  ultimately 
^vork  around  the  end  of  the  dam  were  it  not  for  tbe  sbore-protectioD, 
Tbe  wing-dam  is  slanted  from  the  shore  very  slightly  up-stream  to  pro- 
dace  slackwater  along  its  face,  and  thus  prevent  scoQring,  It  also 
varies  in  length,  according  to  ciroumstanoes.  At  tbe  outer  end  of  the 
ving-dam  is  the  slant,  extending  down-stream  with  the  current,  its 
length  depending  upon  tbe  locality;  it  can  readily  be  extended  at  any 
time  staonld  the  occasion  arise.  It  had  better  be  too  short  than  too  long, 
as  it  is  easier  to  extend  than  to  remove  a  jiart  of  it.  At  tbe  eltww 
formed  by  the  wing-dam  and  slant  a  short  spar  is  projected  up  stream, 
making  eqaal  angles  with  both. 

Tbe  spar  receives  the  force  of  the  oarrent  and  protects  the  slant;  the 
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latter  bold  the  water  away  from  the  lower  side  of  the  dam  Doti)  tbeeor- 
rent  becomes  comparatively  slow,  when  it  pasnea  around  the  foot  of  the 
Blant  aud  retarns,  rauning  up-stream,  as  it  were,  and  depoeita  saod 
bebiud  the  wing-dam.  Were  it  not  for  the  slaut  and  spar  the  water 
would  pass  around  the  end  of  the  wiug-dam  in  a  long  carve  and  meet 
the  greater  body  of  wat«r  some  distance  below,  and,  instead  of  deposit- 
ing auy  tund  behind  the  dam,  the  river-bed  would  wash  out  deeper,  and 
the  result  would  be  a  bad  "crossing,"  (a  "crossing"  is  where  the  main 
draught  of  water  crosses  from  one  bank  to  the  other ;  it  is  '*  loug"  or 
<■  short,"  depeudiug  ui>on  the  distance  required  to  make  it) 

Slants  and  spurs  are  not  only  serviceable  locally,  but  their  influence 
extends  mach  farther  down-stream  than  would  the  influpuce  of  a  dam 
without  them.  Therefore,  they  admit  of  the  dams  being  placed  farther 
apart,  and  as  they  are  very  ^ort,  compared  with  the  lengths  of  dams, 
it  is  obvious  that  it  is  economical  to  bnild  them.  An  examination  of 
the  map  of  the  improvement  of  the  Vistula  (a  Buropean  river)  proves 
this,  for  here  we  find  dams  with  neither  slants  nor  spnrs  very  close 
together,  i.  e.,  ooce  or  twice  the  length  of  a  local  dam  apart,  depending 
Dpoa  the  shape  of  the  shore-line,  concave  or  convex. 

7.— LOOATIOH  OF  DAMS. 

The  location  of  dams  shoald  be  attended  with  great  care,  as  the  nature 
of  the  river  and  banks  changes  more  or  leas  onutioaally.  All  the  com- 
ponent parts  which  are  to  assist  in  producing  the  desired  resalts,  or 
which  may  withhold  them,  must  be  considered.  It  is  best  to  keep  the 
channel  in  the  middle  of  the  river,  away  from  the  shore,  when  the  banks 
are  bad.  By  avoiding  anneoessary  orossings  one  dam  will  protect 
another.  In  Fig.  7,  suppose  A  to  be  a  portion  of  the  current  which 
strikes  the  dam  B  along  the  wing-dam.  A  portion  of  its  force  is  ex- 
pended, but  at  the  point  B  it  is  accelerated,  there  being  an  eddyjast 
below  this  point,  owing  to  the  head  of  water  produced  by  the  wing-dam. 
At  B'  it  again  loses  a  portion  of  its  force  and  spreads  over  the  entire  area 
between  the  dams  and  the  shore,  gradaally  losing  its  force,  so  that  the 
wing-dam  at  O  is  relieved  by  the  dam  above.  The  same  will  take  place 
at  C  as  at  B,  aud  so  on.  Fig.  8  represents  a  long  wiugdam,  which  holds 
the  water  against  a  gravel-bank ;  a  closing-dam,  which  connects  an 
island  with  the  main  shore ;  and  a  series  of  shorter  dams,  which  keep 
the  channel  away  from  either  shore.  Sand  is  represented  as  deposited 
before  aud  behind  the  dams ;  it  is  deposited  behind  them  iu  horseshoe 
bars,  due  to  the  spreading  current.  Olosing-dama  should  never  be  con> 
structed  from  the  shore  directly  to  an  island,  unless  the  latter  have  a 
good  bank  at  the  bead,  (which  does  not  obtain  on  the  Wisconsin  Biver,) 
in  which  case  a  shore-protection  will  be  required  at  each  end  of  the 
dam,  there  being,  of  course,  no  necessity  of  a  slant  and  spur.  When  the 
bank  is  poor,  the  dam  should  be  so  placed  as  to  protect  the  bead  of  the 
island.  All  rivers  differ  somewhat;  there  is  no  general  system  whioh 
can  be  entirely  adopted;  hence  constant  observatioQ,  ezperienfie,  and 
study  OHly  can  fit  one  to  locate  dams. 

8.— -lunAOEXBirr  of  boats. 

The  two  constractioQ-crews  are  engaged  on  separate  dams  in  jnxta- 
position.  It  rarely  happens  that  a  dam  mast  be  bnilt  in  very  deep 
water  except  to  cross  an  occasional  pocket.  Where  the  water  is  deep 
eoongh  to  float  a  loaded  scow  broadside  along  the  site  of  a  dam  that  has 
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been  staked  ont,  it  requires  the  ntmost  cantion  and  skill  to  mHlDtain  it 
in  sncfa  a  position  without  the  aid  of  a  otenmer,  (sometimes  reqnired,) 
especially  afttr  the  dflm  is  veil  under  way  and  the  cnirent  thereby 
accelerated,  Mnch  time  is  therefore  saved  by  a  K'^od  knowledge  of 
boating  on  the  part  of  each  member  of  the  con strnction -crew.  It  gen- 
erally happens  that  a  shore-line  can  be  put  ont  from  one  or  both  cap- 
stans ;  should  it  he  eo  that  but  one  cau  be  used,  the  other  may  be  fast- 
end  to  an  anchor  placed  several  hundred  feet  above  the  scow.  (Pieces 
of  boiler  iron  9  inches  by  18  inches,  riveted  to  theflnkes,  gire  additional 
resistance  in  sand.) 

In  dropping  a  scow  into  position  for  work,  always  keep  one  end  a  little 
above  the  other,  so  that  the  broadside  of  the  scow  will  make  an  angle  of 
forty-five  degrees  witfa  the  line  of  the  proposed  dam.  When  the  lower 
end  comrs  into  position  drop  the  grouser  of  that  end,  allow  the  other 
end  to  swing  down  into  place,  drop  its  grouser,  and  then  wind  np  the 
slack  of  both  lines.  It  is  always  preferable  to  be  a  little  above  the 
desired  position  at  first,  for  the  scow  will  necessarily  drop  down  a  little 
as  the  lines  become  tant,  and  also  as  the  grouser  will  give  away  a  littl& 
To  move  a  scow  along  the  line  of  a  dam,  raise  the  grouser  nearest  the 
next  position  for  work,  wind  np  on  the  corresponding  line  enough  to 
bring  the  scow  quartering  with  the  current,  then  raise  the  other  gronser, 
wind  np  or  slack  awa;  the  corresponding  line  as  the  scow  approaches 
or  recedes  from  the  dam  ;  the  scow  will  then  move  in  the  desired  direc- 
tion, (unless  the  anchor-lines  make  too  great  an  angle  at  their  prolonged 
intersection.)  As  soon  as  the  lower  end  comes  into  position,  drop  its 
grouser,  and  proceed  as  before.  The  anchor  and  lines  are  shifted  tbim 
time  to  time,  if  the  dam  be  a  long  one.  In  building  the  slant  or  shore- 
protection,  one  anchor  and  the  gionsers  will  retain  a  scow  in  position,  as 
its  broadside  is  parallel  with  the  current.  Where  the  current  is  not 
very  strong,  the  oonstrnctiou-crew  cau  move  the  scows  with  poles,  rely- 
ing solely  on  the  grousers  to  hold  them  in  place. 

The  Btone-scow  is  invariably  lashed  to  the  mat-scow,  and  is  always 
between  it  and  the  dam  or  shore-protection  to  be  bnilt 

The  loaded  scowa  shoald  be  left  by  the  tow-boat  just  above  the  site  of 
the  proposed  work,  so  that  the  construction-crew  may  always  have  ma- 
terials convenient.  The  quarter-boats  are  placed  nearest  the  brash- 
men,  as  the  other  smaller  crews  can  generally  be  taken  to  tbem  by  the 
tow-boat  or  by  small  boats.  Every  change  of  location  presents  difficul- 
ties to  be  encountered,  such  as  strong  or  cross  currents,  heavy  winds, 
deep  or  shoal  water  to  operate  in,  &c.  Practice  and  experience  alone 
can  Bormount  these  obstacles.  The  overseer  shoald,  therefore,  have  at 
band  every  means  possible  to  meet  an  obatacle  as  soon  as  presented, 
.    Id  order  that  no  time  may  be  lost. 

9.— PBLUna  LEASINO  IIUBEa  AND  SNAOOINa. 

When  materials  are  so  convenient  to  the  work  aa  not  to  require  the 
fall  time  of  the  tow-boat,  she  can  assist  in  felling  leaning  timber,  when 
□ecessary,  or  in  snagging,  (Wherever  practicable  iu  winter,  leaning 
timber  shonid  be  felled  open  the  ice.)  Snagging  shoald  keep  pace  with 
tbe  improvement.  For  these  purposes  a  crew  of  12  men,  including  boat- 
hands,  are  about  as  many  as  can  be  employed  to  advantage.  The  boat- 
erew  sees  to  the  boat,  &o.,  and  the  balance  serve  as  ax-men.  Many 
trees  can  be  felled  on  the  bank,  bnt  when  a  tree  leans  very  much  over 
tbe  bank,  it  is  palled  onto  the  bank,  while  it  ia  being  cat  close  to  the 
batt,  by  means  of  a  rope  fastened  near  the  top  of  it,  mnning  back  thenoe 
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to  a  snatcfa-block,  and  theoce  to  tbe  sbeaves  and  spool  on  the  boat 
Snags  are  palled  in  a  aimilar  manner,  except  tbey  be  small,  wfaea  a  di- 
rect line  ft^m  the  spool  is  used.  Timber  and  snags  are  trimmed  and 
cat  Qp  iDto  short  lengths  when  on  the  bank,  so  that  thej*  will  not  again 
obstract  navigation  if  carried  off  by  high  wat«r. 

10. — OONSTBUOTION  OF  SHOBB-FBOTBCTION8. 

Sbore-protectJong  are  boilt  as  follows,  (Fig.  9 :)  The  bank  Is  cleared 
of  flood-wood,  &C.,  and  is  then  sloped  off  to  an  angle  of  about  45°  with 
the  surface  of  the  water.  The  loHded  scows  are  then  placed  in  position 
broadside  to  the  bank  at  the  lower  eml,  and  about  IS  feet  from  the 
shore.  Tbe  mats  are  placed  one  at  a  time,  bntts  down  stream ;  those 
nnder  water  are  sank  an  follows :  A  mat  is  thrown  overboard  by  the 
four  carriers,  and  as  soon  as  it  tenches  the  water  the  mat-poles  are 
thrust  throngb  it  (Fig.  10)  on  the  down-stream  side  of  the  blnding- 
uolcs,  by  the  men  standing  on  the  scow ;  if  its  position  be  not  exactly 
nght,  it  can  be  moved  about  on  the  surf.ice  of  the  water  by  means  of 
the  mat'imles,  care  being  taken,  where  the  current  is  strong,  that  one 
jiole  i(«  fast  while  tbe  other  is  changing  it.  The  mat-hook  is  u»ed  to  hold 
the  met  (ns  shown  in  Fig.  10)  where  tbe  current  is  very  strong.  Tbe 
mat  is  so  placed  that  it  will  easily  slide  down  the  mat-pole  into  place 
when  loaded.  The  np-stream  end  is  loaded  first.  The  flrst  course  is 
carried  np  to  bigh-water  mark ;  2  or  3  mats  are  placed  under  low-water 
mark;  tlieseare  completely  covered  with  stone;  those  above  are  covered 
only  over  the  brnehends  as  far  as  the  brusb -binders.  Tbe  second 
course  is  laid  in  a  similar  manner,  just  lapping  tbe  up-stream  binders  of 
the  preceiling  course,  and  so  on  up  to  the  proposed  wing-dam,  so  tbat 
tbe  shore  will  be  virtually  shingled  with  mats.  The  stone  is  thus  pro- 
tected from  ice,  rafts,  and  drilt-wood  by  the  mats.  The  same  method  is 
eflectually  used  to  protect  sandy  banks  that  are  prone  to  wash  away. 
In  some  localities,  short  dams  without  slant  or  spur  serve  to  protect 
banks. 

11. — CON8TBUOTION  OF  SLAlfT  AXD   BPDB. 

The  slant  is  next  built,  work  being  commenced  at  its  lower  end.  The 
ttrusb-euds  of  the  mats  are  toward  the  channel,  and  all  mats  break 
joints.  The  flrst  coarse  of  mats  is  laid  its  entire  length  and  completely 
covered  with  stone.  The  succeeding  courses  are  covered  with  stone 
only  where  lapped  by  the  following  course :  The  second  course  laps  the 
bmsb-end  binders  of  the  first  course ;  the  third  laps  the  second  one-half: 
the  fourth  laps  the  third  two-thirdu;  and  from  this,  the  dam  is  r^sea 
by  adding  succeeding  courses,  covering  each  other  very  nearly.  The  ■ 
face-mat  is  laid  last  to  check  scouring  along  the  channel  side  of  the 
slant.  The  end  of  the  slant  is  in  steps,  (Fig.  II.)  Tbe  spar  is  next 
built  in  a  similar  manner ;  at  the  end  of  it  is  a  layer  of  mats  well  cov- 
ered with  stoue. 

12. — CONSTBUOTION  OF  WHTO-DAK. 

Tbe  wing-dam  is  bnilt  last  of  all.  It  is  carried  np  in  a  manner  Mmi- 
lar  to  tbe  slant,  except  that  each  course  is  built  its  entire  length  before 
commencing  the  succeeding;  and,  also,  should  the  bottom  be  uneven, it 
is  leveled  up  in  order  to  avoid  a  rush  of  water  at  any  one  place.  Tht 
shore-end  is  faced  with  fine  stone  or  gravel  to  prevent  any  leakage  tbat 
might  cause  tbe  dam  to  settle  at  this  point.    The  apron  (or  firet  fi)v 
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ooDraes)  receires  tbe  water  falling  over  tbe  dam  io  bigb  water  and 
tbereby  checks  tbe  undermiDing  tbat  would  otberwise  occar,  and  thns 
prevents  aettlinf! to  a  great  exteut.  Stone  are  not  shown  on  tbe  plan  of 
the  wiDg-dam,  (Fig.  0,)  tbe  object  being  to  show  the  relative  positions 
of  the  mats  in  oourses.  In  tbe  cross-section  F,  (Fig.  6,)  stone  is  shown 
between  mats  Tbe  stone-scow  Iteiog  in  position  with  a  mat-scow 
alongside,  above,  four  men  bring  a  mat  to  tbe  lower  side  of  the  stone- 
scow;  two  lines,  1  inch  diameter  and  20  feet  long  eacb,  are  passed 
around  the  upper  brush-end  binder  just  inside  the  two  ontside  strands 
of  marliii,  witbone  man  at  eacb  liue;  tbe  mat  is  thrown  into  the  water 
by  the  carriers,  butt  down  stream.  The  object  of  these  lines  is  to  bold 
tbe  mat  on  the  aur/ace  of  the  water  until  sufficiently  loaded  with  stone, 
otherwise  the  mat  sinks  before  stone  enough  have  been  placed  on  it, 
and  many  stone  are  wasted  in  attempting  to  throw  them  on  tbe  mat 
when  sunk.  These  lines  are  easily  removed  after  tbe  mat  has  sunk,  by 
letting  go  one  end  and  pnlling  on  the  other  end.  Two  more  lines  are 
necessary,  so  that  while  one  set  is  iu  use  the  other  may  be  similarly  ar- 
ranged on  the  next  mat  to  be  satik.  After  the  mat  is  thrown  into  tbe 
water,  two  poles  (Fig.  12)  are  passed  throagh  the  mat  immediately  in 
front  of  the  binder  and  near  each  of  the  lines.  These  polea  are  stuck  in 
the  sand,  and  a  sufficient  slant  is  given  them  so  that  the  mat  will  in 
sinking  slide  down  on  them  into  place.  A  third  pole  is  placed  at  the 
edge  of  tbe  last  mat  sunk,  to  prevent  tbe  next  from  lapping  it.  Two 
mat-hooks  are  caught  iu  the  np-stream  binder ;  stone  is  thrown  on  care- 
t'nlly,  first  in  tbe  middle,  then  on  each  side  ot  tbe  np-stream  binder,  and 
then  on  the  brush-end  of  the  mat ;  and  when  sufficiently  loaded  the  men 
holding  the  hooks  and  lines  must  let  go  together  and  the  mat  will  slide 
down  on  the  (rales  into  positiou.  By  this  method  mats  are  suuk  iu  very 
swift  or  deep  water.  If  there  be  a  cross-current,  commence  sinking 
mats  BO  as  to  work  with  it ;  the  water  will  then  help  to  force  the  mats 
close  together.  In  many  cases  neither  lines  uor  hooks  are  necessary; 
mncb  depends  on  the  depth  of  water  and  the  swiftness  of  the  current. 

Tbe  two  construction-crews  should  sink  an  average  of  250  mats  in  8 
boars. 


in.— lowebinq  the  dims  at  the  outlets  of  laxe  wikssbaqo.* 

TJnit&d  States  Engikebb  Offioe, 

Milwaukee,  Wm.,  May  1, 1876. 

(lEirxRAL:  I  have  the  honor  to  submit  tbe  following  report  in  regard 
to  lowering  the  dams  at  the  outlets  of  Lake  Winnebago,  Wisconsin, 
known  as  tbe  Neeuab  and  Menasha  channels,  called  for  by  your  letter 
of  the  27tb  ultimo.  This  report  is  to  be  taken  in  connection  with  my 
letter  of  the  21st  ultimo,  ealling  attention  to  the  "act  to  aid  in  the  im- 
provement of  the  Fox  and  Wisconsin  Rivers,''  approved  March  3,  1875. 

Under  this  act  the  process  of  nscertaiuing  the  amount  of  competisa- 
tion  for  fiowage  damages  arising  from  these  dams  is  made  contingent 
npon  the  "  (ypinion  of  tbe  officer  in  charge  tbat  it  is  not  prudent  that  tbe 
dam  or  dams  be  lowered  f  and  it  would  seem  that  the  first  thing  to  do 
wonld  be  to  ascertain  this  opinion.  The  attorney  appointed  to  represent 
the  interests  of  the  Fnited  States  onder  this  act  bad  a  different  opinion, 
and  seemed  to  assume  tbat  because  the  dams  were  uot  lowered,  there- 

0  thia  Bnbjeot,  daled 
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tore  it  was  the  opinion  of  the  oEDcer  in  charge  that  they  shonld  not  be 
lowered.  Oonsequeutly  the  United  States  has  l>een  to  considerable 
expense  in  expenses  iricnrred  by  said  attorney  and  in  Burreys  deemed 
necessary  by  him  to  protect  the  inten^ets  of  the  United  States. 

Under  the  laws  of  the  State  of  Wisconsin,  made  applicable  by  the  act 
above  inentioned,  persons  having  claims  for  flowage  m:\y  apply  to  the 
judge  of  the  circaic  court  of  the  State,  setting  forth  their  claims,  and 
the  jndge  may  appoint  three  commissioners  to  decide  on  the  amount  of 
compensation  due.  This  has  been  done  in  a  great  many  cases,  and 
awards  have  already  been  made,  I  am  informed,  to  about  $70,000. 
This,  I  am  reliably  ioformed,  is  but  a  small  portion  of  these  claims  which 
will  have  to  be  paid  if  it  is  nltimately  decided  that  the  Government  is 
liable.  The  commissioners  appointed  by  the  judge,  whose  (x>m|>ensatiou 
was  fixed  by  him  at  910  per  duy,  sent  me  their  bills  for  payment.  I  re- 
ferred them  to  the  attorney  for  the  Government  for  his  opinion,  stating 
that  I  did  not  think  the  Government  should  i)ay  them  until  it  should  be 
decided  that  the  Government  was  liable  for  damages ;  that  these  com- 
missioners were  not  appointed  at  the  instance^f  the  United  States ;  and 
that  a  person  having  a  claim  not  valid  mighr  have  commissiouera  ap- 
|K>Jnted,  for  whose  payment  the  Government  would  be  liable;  and  that 
the  door  was  thus  opt^n  tor  a  large  and  indefinite  expenditnre. 

Mr.  0.  K.  Qill,  the  attorney  for  the  Government,  reserved  hia  opinion, 
although  he  seemed  to  think  that  the  Government  would  ultimately  pay 
these  commissioners,  and  1  understand  that  a  bill  has  been  introduced 
in  the  United  States  Senate  directing  said  payment. 

In  view  of  these  facte  it  has  seemed  to  me  that  the  qnestion  of  lower- 
ing the  dams  should  now  he  considered.  If,  in  the  opinion  of  the  offi- 
cer in  charge,  it  is  prudent  that  these  dams  be  lowered,  the  United 
States  would' be  relieved  from  further  expenses  under  this  act,  so  far 
as  these  particular  dams  are  concerned.  £  noderstand,  as  a  matter  of 
course,  that  this  opinion  is  to  be  given  solely  in  reference  to  the  matter 
of  navigation,  which  is  all  that  the  Govemineiit  has  to  do  with  it. 

These  dams  were  originally  built  by  private  parties  for  manufactur- 
ing purposes.  Had  it  beeu  simply  a  questiou  of  navigation,  no  dams 
vould  have  been  necessary. 

According  to  the  origiual  survey  of  Captain  Cram,  topographical 
engineer,  iu  1839,  the  height  of  L»ke  Winnebago  above  Little  Lake 
Butte  des  Morts  was  7^  fetst.  These  hikes  were  oonuected  by  chauuet^, 
known  as  the  Neenah  and  Uenasha  channels,  (tracing  inclosed.) 

It  was  not  necessary  to  raise  the  level  of  Lake  Winnebago  for  pur- 
poses of  navigation.  A  canal  on  tbe  right  bank  of  the  Neenah  outlet, 
marked  by  the  dotted  red  line  A  B,  with  a  lock  of  7j  feet  lift,  was 
all  that  was  required ;  nor  is  auytning  more  necessary  now,  but  this 
route  is  impracticable  at  present,  on  account  of  increase  in  value  of  prop- 
erty, the  ground  being  occupied.  It  was  important  to  the  water-power  in- 
terests to  obtain  an  increased  head  of  water,  and  accordingly  dums  were 
constructed  on  both  outlets  tor  water-power  purposes,  thus  raising  tbe 
water-level,  causing  fiowage,  for  whion  those  interested  ought  to  pay. 

I  have  been  unable  to  ascertaiu  the  full  history  of  these  matters,  but 
for  the  purpose  of  this  report  it  is  sufficient  to  state  that  when  tbe 
State  undertook  the  improvement  of  the  Lower  Fox  for  purposes  of 
navigation,  it  made  some  arrangements  with  the  owners  of  the  dam  at 
iUeuasha  as  a  part  of  the  route,  retained  the  dam  at  its  present  height, 
and  thus,  by  some  legal  decision,  became  liable  for  the  fiowage  caused 
by  the  dams ;  which  legacy  it  has  bequeathed  to  ita  saccesaors,  the  Fox 
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Birer  Improvement  Company,  the  Oreen  Bay  and  Misaissippi  Canal 
Company,  and,  at  last,  to  the  Government  of  the  United  States. 

There  have  been  enits  pending  for  many  years  for  damHges  reanlting 
from  this  flowage.  When  the  dama  vere  built  the  valae  of  these  lands 
waa  verysmall.  Themattermighthavebeensettledthenatcompanitively 
small  cost.  Bnt  it  was  the  mannfhctnring  interests  created  by  these 
dams,  and  the  opening  of  navigation  on  the  Fox  Biver  before  the  time 
of  railroads,  that  developed  that  region,  building  up  towns,  and  greatly 
enhancing  tbe  valne  of  property.  It  is  extremely  doubtful  whether  any 
of  these  claimants  conld  show  any  actual  loss  from  flowage,  on  account 
of  tbe  increased  value  of  property,  dne,  in  a  great  measure,  to  those 
very  dams.  Tbe  damage  to  various  interests  which  would  be  caused  by 
the  lowering  of  tbese  dams  note  is  vastly  greater  than  tbe  damage  by 
flowage  then,  and  these  damages  appear  to  be  awarded  on  the  present 
Talue  of  property,  as  near  as  I  can  ascertain. 

In  regurd  to  tbe  lowering  of  the  dams,  while  ao  tar  as  navigatioD  is 
concerned  they  can  be  lowered  and  even  dispensed  with,  as  a  practical 
question  they  will  not  be  lowe'^d,  as  the  interests  of  the  two  thriving 
mnnnfactnring  towns  of  Xeenah  and  Menasha,  and  other  interests,  aie 
too  great  to  permit  it  But  I  see  no  reason  why  the  Government  should 
be  made  to  pay  all  these  claims  arising  from  works  not  necessary  for 
purposes  of  navigation,  and,  after  mach  consideration  of  the  question,  I 
am  of  the  opinion  that  it  is  prudeut  that  tbe  damn  be  lowered,  so  far  as 
the  Govenimeut  is  concerned ;  and  as  a  practical  solatioo  of  this  matter 
which  will  relieve  the  Government,  I  would  propose  to  deepen  the  pres-* 
ent  canal  to  such  a  depth  that  if  the  dams  were  removed,  there  would 
be  sufficient  depth  for  navigation ;  or,  what  is  better,  cut  a  newcanal  to 
the  same  deittb.  This  latter  plan  would  relieve  us  from  all  conflict  with 
the  water-powers  which  are  now  taken  ftom  the  canal,  and  as  the  dama 
would  not  be  necessary  for  purposes  of  navigation,  the  flowa^  damages 
would  fall  upon  the  mannf'actaring  and  other  interests  involve<l  in 
maintaining  ttiem,  and  I  am  iucline<l  to  the  opinion  that  tbe  question  of 
flowage  damages  would  then  be  settled  at  a  much  smaller  cost  than  by 
the  process  now  being  pursued ;  or  if  the  Onited  Slates  is  to  be  held 
liable  in  any  event,  in  case  the  dama  are  kept  up,  I  would  say  remove 
them  and  deepen  the  canal,  or  make  a  new  one. 

I  have  had  surveys  made  by  various  routes  for  a  canal  to  secure  the 
object  in  view.  Tbe  estimated  cost  of  the  first,  and,  in  my  judgment, 
tbe  best  route,  marked  "  U  D,"  in  fnll  red  lines,  is  as  follows : 

For  a  canal  75  feet  wide  knd  B[  feet  deep,  whiah  woold  ([ire  ft  deptb  of  6  feet  in  onse 
the  dftma  were  remuvod.  Luugth  of  canal,  H,033  ftiet ;  meau  depth  of  ezoaTatiou, 
18  feet : 

For  37  acres  of  land,  »t<50 Jl.PSO  00 

F<>rtt3,46yyardBof  Tocktzcavution.fttSOcenta 56,331  00 

For  337^  yards  of  earih-«xcftv«tioQ,  at  SO  cenM 67,477  00 

CoBtof  liick 35,000  00 

Cuat  of  dredfging  30,000  cubic  yanlo  to  navigable  water  in  Lake  Winne- 
bago, at  2U  cents  6,000  00 

Deduct  from  tliia  tbe  cent  of  lock,  nbicb  nill  have  to  be  bnilt  an;  way, 
i.  «.,  pnieeut  lock  rebnilt,  and  $^,000  for  rook  which  will  be  needed 

liir  varions  purpoaea,  rednce  thia  eetimate  to 106,558  OO 

Wliich  wilt  cover  the  additional  coat  of  new  rente  over  the  preaent  plan. 

The  amount  which  will  be  awarded  for  flowage  will  be  much  greater 
than  this ;  some  place  it  as  high  as  f  L,000.OU0.  Moreover,  by  this  plan 
we  avoid  all  trouble  with  the  mills  at  Nuenah  and  Menasha.  Lake 
Winnebago  is  the  reservoir  which  regulates  the  amount  of  water  in  the 
Lower  Fox.  ",t>(>glc 
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The  DBe  of  water  by  the  mills  iDterrupts  tbo  UDiform  discbarge  of 
water  and  interferes  witU  navigation.  I  am  inclined  to  the  opinion 
that  the  DiereannouucemeDt  that  it  is  the  inteatioii  of  the  Qoverument 
to  make  this  canal  will  bave  a  good  effect. 

This  idea  of  makiog  a  canal  without  reference  to  the  dam8  is  not  a 
new  one.  1  aui  reliably  informed  that  Qorernor  Seymour,  of  New 
York,  who  formerly  took  a  deep  interest  in  this  work  and  contribated 
greatly  to  its  advancement,  advocated  this  |)lan,  thoagh  JL  believe  no 
surveys  or  estimates  were  ever  made. 

The  plan  of  Captain  Cram  contemplated  do  dama.  His  plan  was  a 
canal  starting  from  Lake  Winnebago  and  striking  the  river  some  miles 
below,  but  this  involved  a  summit-level,  which  is  now  at  all  events 
impracticable,  as  there  is  not  suflflcient  supply  of  water. 

As  an  original  question,  no  engineer  would  ever  think  of  raising  the 
le%'el  of  a  lake  30  miles  long  and  12  mile."*  wide,  and  unnecessarily  over- 
flowing an  uoknown  quantity  of  land.  Tlie  entire  western  and  south- 
ern shore  of  the  lake  is  low  laud  more  or  less  flowed.  As  near  as  we 
can  nialie  out,  the  low-water  level  of  the  lake  has  been  raised  by  these 
dams  about  2  feet.  This  will  give  some  idea  of  tbe  amount  of  damage 
to  be  expected.  2I^ot  only  this,  but  tbe  low  lands  on  the  Fox  above 
Oshkosh  are  also  affected. 

In  view  of  all  this,  I  would  respectfully  recommend  the  canal  above 
described,  which  will  render  the  dams  unneeeaaary  for  purposes  of  navi- 
gation, and  relieve  the  Government  from  liability.  There  are  lands 
nooded  by  other  dams  bnilt  by  the  old  improvement  company,  bnt  these 
seem  to  be  necessary  tor  purposes  of  navigation.  Now,  when  the 
Government  is  expending  large  amounts  of  money  for  the  direct  benefit 
of  this  section,  it  seems  unjust  that  it  should  be  called  upon  to  pay 
claims  caused  by  works  constructed  30  years  ago,  when  the  lands  over- 
flowed were  of  comparatively  small  value,  and  when  the  Government 
was  in  no  way  responsible  for  tbe  works,  which  were  unnecessary  for 
X>urposes  of  navigation, and  constructed  exclusively  for  private  purposes. 
I  am,  general,  very  respectfully,  your  obedient  servant, 

D.  0.   HOUSTOK, 
Major  of  Ettgineerg,  U,  S.  A. 

Brig.  Gen.  A.  A.  HtTMPHBEYS, 

Chief  of  Engineers,  U.  8.  A. 


FOX  RIVER, 

IT.— REPOaT  OF  CAI1AIH  O.  J.  LTDBCKXR,  CORPS  OP  BHOINEBRS. 

HiLWAUKKK,  Wis.,  Julg  5, 1876. 
Sir:  Tbe  following  raport  of  operatioDa  on  the  impcovement  of  the  Fox  River,  Wii- 
OODBin,  for  the  fiaoal  year  eadlog  Jane  30, 1876,  ia  reapeotfullf  eabDiilted  : 

1.  POKTIOE  Clifil~ 

The  work  of  wideoing,  deepening,  and  revetting  tbe  oaual  ooDoeotiDg  the  Fox  sod 
Wlaoonun  Rivers,  oomnienoed  the  preceding  year,  waa  contlDoed  antil  Deoeoiber  4, 
1876,  when  operationg  were  auspetidea  for  the  winter.  Daring  tbe  oonree  of  this  feu's 
operationa  it  became  neoeBSiirT  to  modify  the  pian  of  revetment  on  which  we  b»l 
Btarted,  on  accoout  of  high  baoEB  and  contracted  apaoe  along  the  upper  seotion  of  tbe 
canal,  and  for  the  same  reaaon  to  haul  the  earth  esoavatea  in  dee^uing  tbe  oauai 
eometimee  a  diatauce  of  1,300  feet  or  more,  whereaa  it  bad  been  depoaitedon  tbetaesl- 
banlta  until  that  time.  Thongh  tbeae  changes  oaaaed  some  delays,  the  work  wu 
nearly  completed  nhen  opeiatioos  were  aoapended,  and  before  they  wen  reanmed  I 
was  ceUeved  (Febraary  SI,  1876}  from  the  ohaige  of  this  and  all  works  on  tbe  Upp«r 
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Fox,  above  Lake  Baffalo.  Up  to  tbe  time  at  wbiah  the  transfer  took  place  tliere  had 
been  excavated  from  tbe  canal  119,^2  cubic  yards  of  saad,  and  a  little  over  19,000 
linear  feet  of  revetment  had  been  built,  leaving  about  2,500  linear  feet  revetment  and 
sbont  15,000  cnbio  yards  excavation  to  complete  tbe  work.  The  two  syBtems  of  re- 
vetment nxed  ia  this  work  are  illustrated  in  Plate  V  of  aketcbes  transmitted  herewith. 


iking  of  1< 
.  .  „      e  fan  of  l; 

Tbe  methods  adopted  for  haoinnK  these  gates,  being  diETerent  from  those  nsaallj 

fallowed,  are  illustrated  in  Plate  III  (b)  of  accompanying  sketches ;  as  these  metbo<^ 

ftre  explained  in  tbe  description  of  plates,  I  wilt  only  say  here  that  the  system  shown 

in  figures  1  (a)  and  2  (a)  bas  proved  to  be  the  better  so  tar. 

3.  OHAND  RIVER  LOCK. 


The  contract  for  bnilding  a  new  cnt-stone  lock  at  this  place  wm  awarded  to  C.  C. 
Barker  &  Son  Jnly  2, 1S75.  It  was  annnlled  September  27,  for  failure  to  proeecate 
the  work  with  proper  energy,  At  that  time  only  1,714  cubic  yards  had  been  excavated 
from  tbe  lock-'pit.  Tbe  work  was  rssnoiod  October  B,  tbe  excavation  (9,427  cabic 
yards)  completed  January  15,  and,  norkinji  through  the  winter,  the  pile  liod  timber 
ibnndations  were  finished  by  March  4.  Since  then  nothing  has  been  done,  except  to 
deliver  tbe  Decesaarf  materials  for  the  work ;  operations  will  be  leeutned  aa  eoou  as 
practicable. 

Tbe  lock-aite  was  still  nnder  water  at  tbe  end  of  the  year.  It  is  expected  to  have 
the  work  fiDidted  by  the  end  of  Augnst. 

4.  pmNCBTOS  WCIC. 

The  eoQiraot  for  this  lock  was  also  awarded  to  C.  C.  Barker  &,  Sod,  Jnly  2,  annalled 
September  27,  at  irhich  time  2,180  cubic  yards  bod  been  excavated  from  the  look-pit. 
Work  being  reeamed,  tbe  excavation  (8,051  cnbio  yards)  was  completed  by  December 
11 ;  pile  and  timber  foundations  In  by  January  ■£),  when  opcirations  were  suspended 
nnlil  Ma;  25.  Tbe  pit  was  then  pnmped  out  and  tbe  work  of  plaoinx  ooucrete  for 
fitundations  commenced;  but  tbe  river  rising  suddenly  broke  away  the  ijmbaokment 
and  flooded  tbe  pit  June  16.  Tbe  damage  has  since  been  repaired,  fonndattons  com- 
pleted, and  everything  is  in  readinesB  to  proceed  with  the  masonry  of  lock-walls.  The 
work  will  probaljly  bo  completud  by  the  middle  of  August. 

Another  of  the  works  awarded  to  C.  C.  Barker  &  Son  July  2 ;  contract  annulled 
September  27',  3,594  cubic  yards  excavated  from  pit.  Operations  resumed  October  18, 
and  the  excavation  (12,705  cubic  yards)  couipleted  January  15;  timber-work  and 
(bundations  completed  April  1 ;  concrete  and  foundations  placed  April  29  to  May  15, 
and  all  the  masonry  of  lock-walls  laid  between  Hay  19  and  June  21.  To  complete  the 
work  requires  the  construction  of  dry-stone  wing-walls  at  head  and  foot  of  lock,  and 
the  banging  of  gates,  valves,  &c.,  all  of  which  will  probabl;  be  completed  by  July  20. 
For  tbe  foundations,  513  beaiius-pilee,  100,000  feet,  board- measure,  pine  timber,  48,0(X) 

._..   ,  .__,  _    _= '-ink,  and  210  cubic  yards  concrete,  were  used.     In  the 

yards  maaonry.  l 

6.  BBBUN  LOCK. 

This  work  waa  also  awarded  to  C.  C.  Barker  &,  Son,  July  2,  and  thoufh  be  hod  ad« 
better  progress  eu  it  than  on  any  of  tbe  others,  the  absence  of  any  visible  preparations, 
or  roeaus  tur  carrying  on  tbe  work  witb  euergy,  led  to  the  annulment  of  his  contract 
September  27,  at  which  time  the  e>:ciivatioa  of  the  lock-pit  had  been  finished.  The 
timber- work  of  foundations  was  subsequently  put  iu  and  operations  suspended  Decem- 
ber 16 )  since  then  nothing  has  been  dune  besidiM  delivering  a  portion  of  tbe  stone  re- 
quired fur  the  work.  It  is  not  proposed  to  go  aa  with  tbis  work  during  tbe  present 
aeason,  unless  tbe  appropriation  should  be  ample  for  other  more  important  works. 

7.  SURBKA  LOCK, 

This  work  has  been  oairied  on  from  tbe  be^inoing  by  day-labor.  During  tbe  early 
part  of  the  year  tbe  lock-pit  was  excavated  by  dredging ;  after  the  pit  was  pumped 
ont  it  was  found  necessary  to  sbeet-pile  it  on  almoHt  all  sides  before  driving  any  bear- 
ing-piles or  doing  anything  toward  building  the  foundations.  These  were  not  oom- 
eeted  until  the  end  of  October.  Operations  were  snepeoded  November  20,  resumed 
ay  1,  and  at  tbe  end  of  the  year  all  tbe  masonry  wcrks  bad  been  completed.  To  put 
the  luck  iu  working  order  it  is  only  neceeeary  to  hikng  the  gates  and  valvts. 

In  cDuuection  witb  tbis  work  a  uanal,  about  1,200  feet  long,  100  feet  wide,  and  6  feet 
deep,  was  excavated  daring  last  summer  to  within  about  90  feet  of  the  lock-pit.    Tbe 
mses  of  eartb  left  is  now  being  removed,  and  it  is  expected  to  have  everything  finished 
aboQt  tb<i  lock  and  canal  before  the  end  of  Jnly. 
AP.X— 3 
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8.  APPLXTON  {3d)  lock. 

A  cootraot  for  tearing  ont  the  old  lool,  and  bnilding  ia  its  place  one  of  ovt  stooa 
was  awarded  to  h.  J.  and  J.  Day  and  T.  W.  Call,  Augnat  10, 1^5.  They  worked  along 
slowly  nntU  November  20,  when  chtir  oreditora  having  eeiEed  npon  all  their  Cools,  &o., 
they  abandoned  the  work.  Up  to  that  time  they  hsa  accomplished  nothine  beyond 
tearing  out  the  old  lock.  Afterthia,  jhey  wero  not»een  on  any  of  their  works  uong 
the  Lower  Fox,  and  finally  (t'ebrnary  S,  \>flB)  their  contract  was  annnlied.  At  thig 
time  no  airangemeDta  had  been  made  for  suppljing  the  stone  required  for  bnilding 
the  lock  att  designed,  and  in  order  to  avoid  ninch  delay  beyond  the  date  originally  itet 
for  complelioK  the  work,  and  to  make  the  coat  a  minimnm,  it  became  neoeesary  to 
abandon  the  idea  of  a  lock  with  cnt-etoue  face.  Accordingly,  when  operationB  were 
commenced  (April  24)  by  dsy's  labor,  it  was  determined  to  make  the  body  of  walls  of 
concrete,  with  atone  masses  rammed  in,  and  to  face  the  walls  with  hammer- dressed 
etone  in  irregular  conrsea,  using  for  this  purpose  such  stone  as  one  man  conld  handle, 
and  which  could  be  readily  obtained  in  the  vicinity. 

The  excavations  for  foundations  of  walla  having  been  made  April  34  to  Hay  37,  ma- 
Boor.r-irork  was  commenced  Hay  16.  At  tbe  clone  of  the  year  the  fouudations  (t,500 
cubio  yards  concrete)  had  been  completed,  and  H  feet  in  height  of  lock-walls  built. 
It  is  expected  to  finish  tbe  work  by  the  1st  of  September. 

9.   UTTLR  CUDTX  (UPPBR  COUBINBP)   LOCK. 

The  contract  for  rebuilding  this  work  was  awarded  to  C.  C.  Barker  Sl  Son  July  2 
Tbe  ooDtract  waa  auoDlled  September  37,  at  whiah  time  the  old  lock  had  been  torn 
out,  but  DO  preparations  had  been  made  for  going  on  with  tbe  work.  Operations  were 
iMnmed  early  in  October,  and  the  work  of  placing  timber  and  oouorete  for  foundaUona 
pushed  ahead  rapidly  until  December  4,  when  it  became  neceesary  to  suspend  during 
tbe  winter.  Operations  were  resumed  Hay  3,  and  at  the  close  of  the  year  the  lock- 
walls  were  bnilt  np  aboat  one-lbird  of  their  height.  It  is  expected  to  floiBb  the  wort 
by  the  end  of  Angnst. 

10.   THIRD  AXD   FOURTH   LOCKS,  KACKANA. 

The  cOQtraot«  for  rebailding  these  two  locks  were  awarded  L,  J.  and  J.  Day  aod  T. 
W.  Call  August  10.  After  having  torn  ont  the  old  works,  they  abandoned  the  job, 
(November 20,)  became  bankrupts,  and  tbe  contracts  were  finally  annulled  February 
b,  1S76.  For  the  purpose  of  obtaining  stoue,  they  were  authorized  to  make  use  of  the 
Orignon  quarry,  which  adjoins  the  works,  and  is  controlled  by  tbe  United  States  foe 
the  benefit  of  the  improvement ;  but  up  to  the  time  they  were  compelled  to  suspend 
tbey  bad  not  taken  out  stone  enough  to  build  balf  of  one  of  the  locks.  Operationa 
were  resumed  on  the  fourth  lock  about  the  middle  of  June,  and  at  tbe  close  of  the  year 
two  coaiBCB  of  masonry  had  been  laid,  making  the  lock- walls  ill  feet  high. 

Nothing  baa  been  done  on  the  third  lock  since  operatious  were  saspeuded  laat  fall. 
It  is  expected  to  bave  both  in  working  order  by  the  middle  of  September.  i 

11.  1 


The  building  of  a  new  crib-dam  at  Kankana  wascorameuced  lateln  thefallof  1^4; 
work  was  suspended  during  tbe  following  Winter,  and  was  not  resumed  until  tbe  mid- 
dle of  July,  1675.  It  was  the  original  iutention  to  liolt  the  bottom  conrsee  of  timber 
to  bed-rook;  bnt,  after  about  one-half  the  dam  had  been  conatruoted  in  this  way,  tlie 
ditBcalties  and  delays  In  carrying  it  further  neoraaitated  a  change  of  plan  in  order 
that  the  work  might  be  completed  before  winter.  Figs.  1,2,  3,  and  4,  Plata  I,  of  accom- 
panying sketches,  illustrate  tbe  origiual  plan  of  dam,  and  Fig.  5  shows  tbe  change,  in 
which  the  foundation-crib  rested  on  tbe  gravel  overlyiug  bed-rock,  and  was  built  op 
to  the  lower  water-Uue.  Id  apit«  of  this  changH,  tbe  early  date  M  which  winter  sel  io 
found  the  dam  still  nuSnisbed,  a  portion  about  130  feet  long,  near  the  middle,  b«iog 
left  without  sheathing.  Throogb  this  part  a  large  volume  of  water  passed  with  a  rtt; 
swift  current  and  brought  floatiog  masses  of  ioe  and  drift  against  the  dam  witb  con- 
siderable force.  Finally  (Decemlwr  6)  the  upper  conrses  moved  from  the  effijcl "' 
these  repeated  blows,  so  as  to  give  a  curved  outline  to  tbe  crest  of  the  dam,  the  vsrari 
Sloe  of  the  curve  being  about  18  inches.    Nevertheless,  no  further  movement  tiMt     | 

£lace  during  the  winter,  nor  antil  May  4,  wben,  the  river  rising  higher  thau  ever 
nowQ  before  at  that  place,  tbe  curved  part  of  the  dam  was  carriM  away. 
It  was  not  cooeidered  advisable  to  do  auythiug  toward  repairing  it  until 
reaches  its  low  stage.  The  dam  Is  5961  feet  long ;  tbe  length  of  section  carried  awsj 
is  133  feet. 

IS.  CKDARS  V 

ace  the  old  atrnot 
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17  to  November  30,  when  tbe  contractors  abandoned  the  work.     Delays  from  waitiog 
for  materials  were  of  A«qQent  occurrence.    At  the  t^me  the  work  was  sbsndined  toe 
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dam  had  been  flnished  to  the  top  of  the  sixth  ooDrsa  fW>m  store  to  ebore,  exc«pt  for  » 
len0h  of  abont  l&O  feet,  where  the  atone  filling  was  placed  only  to  the  top  of  the  aeo- 
«iid  ooniae.  This  left  6  feet  in  height  of  crib  onHupported,  aatl  early  )D  December  thia 
section  waa  carried  awa;.  The  contract  was  annnlled  Febmar;  I,  tST6.  Since  tben 
bnt  little  has  been  done  toward  compleiinK  the  dam,  on  oocoant  of  the  difficulty  and 
expense  attending  this  character  of  work,  if  attempted  during  the  time  of  high  water. 
The  length  of  the  dam  is  829  feel  10  inohea,  and  the  average  height  of  its  creat  above 
bed-rook  is  12  feet. 

13.   UTTLE  CHUTE  DAH. 

This  is  another  of  the  works  awarded  bv  oontract:  toh.J.&.  J.  Day  and  T.  W.  Call, 
Angnst  10,  1UT5,  and  of  which  they  completed  abont  three-funrtha  of  the  dam,  when 
they  abandoned  it,  November  20.  Thia  oontract  was  annnlled  February  1.  Unlike 
tbeir  otber  dauia,  at  the  time  they  abaudoned  them,  this  one  was  well  filled  with  stone, 
and  qnile  secnre  againat  the  action  of  fresbeta.  On  thia  aoconnt  bnt  little  damage  was 
done  to  it  during  the  winter  and  sprin);.  Since  then  the  abutmenta  have  been  com- 
pleted. The  dam  is  V.i  feet  high  aud  711  feet  long.  A  length  of  little  more  than  500 
feet  bas  been  finished  ;  the  remuning  1^00  feet  will  be  bnilt  as  soon  as  the  ilver  falls 
from  its  pntaent  high  stage. 

14.   RAPID  CROCHB  DIM. 

Still  another  of  the  works  for  which  the  contract  was  awarded  to  L.  J.  &.  J.  Day 
and  T.  W.  Call,  August  10,  1S75,  and  apon  which  they  nere  engaged  nntil  Nuvemb^ 
20,  wben  their  lock  of  inoans  forced  tbem  to  Cbrow  it  up.  About  oue-tblrd  of  the  dam 
was  then  finished,  but  tbe  crib  was  only  parti;  Glled  with  atone.  At  tbe  north  end  a 
Ught  board  coffer-dam  alone  connected  the  dam  vrith  the  canal-bank.  Wben  (he  river 
rose,  January  1,  this  was  carried  avay,  and  the  water  rusbing  through  threatened  tbe 
completo  destruction  of  the  oanal-b«nk.  With  great  difBculty  tbe  rush  was  stopped, 
and  a  new  coffer-dam  finally  constructed.  Their  contract  was  annulled  February  6, 
1ST6.  Since  then  work  for  compleCins  the  dam  has  been  pushed  ahead  as  well  as  prac- 
ticable, considering  the  high  water  that  has  prevailed  thronghont  the  season.  The 
total  length  of  dam  is  540  feet,  of  which  there  remains  abuut  50  feet  on  which  no  work 
is  done,  and  200  feet  that  is  only  from  8  to  3  feet  high. 

15.  THR  LIT 


the  entire  atrnotnre  was  badly  damaged  during  the  winter,  the  upper  row  of  piles  being 
forced  over  the  entire  length  of  dam  and  brokeu  off  for  a  distance  of  about  80  feet. 
The  contract  was  annnlled  February  1,  1876.  Since  March  1,  various  attempts  have 
been  mode  to  straighten  up  the  dam  and  continue  its  construction,  but  with  little  aao- 
oeea,  owing  to  high  water. 

The  totu  length  of  dam,  when  oompleted,  will  be  586^  feet.  It  differs  from  all  the 
other  dams  on  tbe  Lower  Fox,  being  a  "  pile-dam."  the  river-bed  olay,  or  clay  and 
gravel,  while  the  others  are  crib-dams,  and  the  river-bed  rock.  The  details  of  its  ooa- 
■tmction  are  aliown  in  Plate  II  of  accompanying  sketohee. 

Tbe  details  of  orib-dama  are  shown  in  Plate  1. 

16.   DBKDOVfO  tlPPRH  VOX. 

At  the  opening  of  the  year,  the  two  old  dredges  were  at  work  cutting  the  Eureka 
Canal ;  abont  the  middle  of  August  the  small  dredge  commenced  working  on  tbe  bars 
below  the  lock-site,  the  other  remaining  at  work  on  the  oanal  until  the  middle  of  Sep- 
tember, when  ahe  was  also  moved  to  the  bara  below. 

On  the  16th  of  October,  the  small  dredge  commenced  work  on  the  Berlin  Canal  to 
facilitate  the  delivery  of  materials  at  the  new  lock-aite,  ai^d  continued  to  work  tbeM 
until  November  17,  when  the  river  auddeuly  froze  up.  The  total  amount  dlodged 
during  the  season  was  about  60,000  onbic  yards. 

In  order  to  facilitate  the  transportation  of  materials  to  the  site  of  the  Grand  River 
lock,  tbe  small  dredge  was  aent  to  dig  channel- ways  through  the  bars  between  Moutello 
and  Lake  Apuckawa,  about  the  middle  of  May,  and  worked  until  the  middle  of  June. 
It  then  became  neoeBsory  to  stop  workiug  her  on  account  of  tbe  bad  condition  of  boiler 
ftod  macbinery. 

A  new  dredge  baa  been  built  since  last  winter,  but  at  the  close  of  the  year  was  not 
quite  ready  for  work. 

17.  aURVEY  DP  THE   LOWER   VOX. 

During  the  months  of  October  and  November  a  survey  of  the  Lowor  Fox  was  made 


ezt«Ddtag  trom  Meuuha  to  De  Pere,  bot  omittiDg  the  rapids  in  tbe  river,  which  were 
piueed  b;  otkoal,  viz :  M  Appleton,  Little  Chote,  and  Kaakana,  tbe  line  of  sarrey  at 
the«e  places  hftvlu);  followed  tbe  canals. 

It  Is  proposed  to  supply  theee  omissions  during  the  present  year,  when  the  maps 
whicb  have  bren  mode  irill  be  forwarded. 

16.  IltSCKLlANEOUS. 

A  waate-weir  was  built  through  the  oanal-bank  at  Kankana  to  tooilitate  the  cou- 
stmction  of  the  new  dam  at  that  nlocn.  Breaks  occurred  at  several  places  in  the 
oan&l-banks  along  the  line  doring  the  past  spring,  the  most  important  one  being  at 
Kaukana.  Others  were  at  De  Pere,  Appleton,  Menasha,  and  Montello.  Such  repairs 
were  mode  at  the  different  pointa  as  sufficed  to  prevent  any  further  immediate  damage. 

During  tbe  high  water  of  spring  freabets  there  was  imminent  dani^r  of  overflowing 
the  levee  on  the  south  bank  of  tbe  river  oppoeite  Kaukana ;  but  a  considerable  force, 
working  day  and  uighE,  sncoeedad  in  raising  it  as  fast  as  necessary,  and  thereby  pre- 
vented any  damage  being  done. 

For  building  liick-gatee  a  force  was  oivaDlzed  during  tbe  winttK,  and  have  built  in 
tbe  mean  time  all  the  gates  required  for  the  locks  now  under  oonstruotlou,  in  all  thirty 
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Puts  I. 

The  general  features  of  crib-dams,  projected  for  replacing  some  of  the  old  dams  mi 
the  Lower  Fux,  are  sbown  ou  this  plate.  They  are  designeo  only  for  rook  bottoms,  and 
ani  in  course  of  coustrnctton  at  the  Cedars,  Little  Chtite,  Kaukana,  and  Bapid  Cioche. 
When  the  bed-rook  can  be  reached  withont  great  difficulty,  the  oross-eeotion  ahown  ia 
Fig.  2  is  used ;  in  this  case  tbe  bottom-wall  sticks  are  anchored  to  the  rook  by  iron 
boltiB ;  but  in  some  cases  it  becomes  very  expensive  and  oonsumes  too  much  time  to 
clear  away  tbe  gravel,  bowlders,  &c.,  and  construct  tight  ooffer-danie,  to  admit  uf  bolt- 
ing the  bottom  timbers  to  tbe  rock.  In  suob  cases  a  foundation -crib  is  placed,  rising 
to  tbe  low-water  level,  and  un  this  the  superstructure  is  placed.  Tbe  cross-section  in 
tills  esse  would  be  as  shown  in  Fig.  5.  In  all  oases  the  orib  is  sbeatbed  on  the  np- 
stream  side,  so  as  to  be  water-tight  irom  bottom  up  to  the  crest,  a  booking  of  olay 
and  gravel  being  placed  s^inst  the  sheathing. 
PUTR  II. 

Pile-dam  for  Little  Kankana.  Tbe  bottom  at  this  place  is  day,  or  clay  and  navel. 
The  dam  consists  of  two  rows  of  piles,  against  tbe  nppnr  of  which  horizontal  sheath- 
ing sod  sheet-piling  ore  secured,  to  make  it  water-tiKbt.  The  npper  is  braced  aniDst 
the  lower  row  by  incliued  bcacee,  which  also  form  supports  for  the  apron  of  oak  ^ank 
ing.  The  piles  uf  tbe  upper  row  ore  driven  3  feet  apart,  center  to  center;  those  of 
the  lower  row,  at  double  toe  distance.  Betwaeii  these  two  rows,  and  axtending  aa  far 
below  the  dam  as  may  be  neceesary,  stone  is  solidly  filled,  aud  against  tbe  sheathing, 
on  the  up-stream  side,  a  sabatMitial  embankment  of  clay  and  gravel,  faced  with  atone, 
ia  placed. 

Platk  III.  (a.) 

This  illustrates  a  method,  which  it  ia  proposed  to  try,  in  hanging  gates  for  the  ne* 
locks.  A  wrought-iron  bar  (B)  is  rigidly  attached  to  the  frame-work  of  gate  at  top; 
its  inner  end  ia  formed  into  an  axle,  for  two  horizontal  wheels,  (d,  d,)  which,  when  At 
gate  is  in  motion,  roll  against  the  circular  trac^  (a,  a,  a.)  The  faces  (A,  b)  of  Ibi« 
track  are  circular  in  plan,  tbe  center  being  at  the  center  of  motion  of  the  gate.  ThrJ 
are  held  in  position  by  three  wroaght^iron  straps,  (S,  S,  8,)  in  pairs,  so  arranged  as  to 
allow  the  wheels  te  traverse  between  them ;  tbey  are  connected  with  the  main  ancbor- 
ing-rods  by  means  of  alceve-nuts  at  (L,  L,  L,)  through  which  the  poaition  of  the  tracks 
is  accurately  a4juat«d  to  tbe  center  of  motion.  Tbia  method  has  not  been  pnt  in  p — 
tice  as  yet  on  any  of  the  locks ;  dot  is  it  believed  that  it  boa  ever  been  in  nse, 

bials,  made  nnder  very  nnfavorable  circa mstaucee,  promise  moat  favorable  reanlts, 

it  is  expected  that  one  nan  will  be  able  to  move  our  heavieat  gates  with  ease.    The 
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PuiE  UI.  (b.) 


s  (e,  a)  contaiD  betveen  tham  5  friotioD-Tollers,  (R,  B,  R,)  tbe  oontere  nf  whioh 
are  ho  placed  that  when  In  position  the;^  will  be  at  equal  dintaDcas  from  the  oent«r  of 
motion  of  the  gate.  The  top  of  qnoin-post  is  worked  to  a  cjlindriDal  anrAtoe,  on  nhioh 
a  wroDKht^icon  bond  ia  secnred.  The  collar  with  frictiou-rullers  in  eecnred  in  position 
by  anchor-rods,  (T,  T,  T,)  in  such  manner  that  the  quoin-post  at  top  rests  against  the 
Enction-rollels  and  moved  on  tbem  when  the  gate  swingB. 

In  the  second  method,  a  oast-iron  socket  is  framed  iuto  the  top  of  the  qnoin-post  to 
receive  a  pin  secnred  iuto  the  look's  walls,  and  adjusted  to  the  oeut«r  of  motion  of  the 
gate.  As  In  the  method  showu  on  the  precedin<;;  plate,  the  center  of  motion  does  not 
coincide  with  the  center  of  hollow  qaoin.  This  method  hag  not  proved  very  satisfao- 
tory  so  far,  the  method  flrst  desoribed  above  allowing  the  gates  to  be  nianenvered 
much  more  easily. 

Platk  IV. 

This  shows  the  oonstruction  of  a  valve  of  wronght  iron  aud  oak  which  will  be  tried 
Id  our  new  works  as  a  anhstitnte  for  thoae  of  cast  iruTi,  which  have  been  in  use  hereto- 
fore ;  the  advantages  bwQg  they  are  lighter  and  less  liable  to  break.  The  valve  con- 
sists of  a  central  sbaft,  {«,  c,)  with  trunnions  ttirned  on  each  end ;  wrongbt-iron  straps 
(a,  a,  a)  encircle  the  two  wedge-shaped  pieces  of  oak,  (L,  L,)  which  form  the  body  of 
the  valve  and  in  connection  with  the  strips  (nt.m)  on  each  edgu  biud  all  the  pttrGs 

Plate  V. 

The  revetment  for  Portage  Canal  is  itlnstrated  in  this  plate.  Id  ^>^'  1: 3.  and  3  are 
shown  the  plan,  section,  and  elevation  of  the  original  system,  while  Fig.  4  indicates, 
in  cross-Boctiun  only,  the  modified  system  to  whicli  we  changed  when  it  was  no  lonror 
practicable  to  make  use  of  the  tie-pilea  and  land-ties  of  the  first  system.  In  the  first 
system  one  tie-pile  was  used  for  every  luu  main  pileH.  in  the  front  row;  aud  from  this 
pile  two  iron  tie-mds  passed  diagonally  to  the  two  neareet  piles  in  the  main  row.  A 
tight  sheathing  of  jointed  plank  was  spiked  against  the  back  of  main  piles  ;  theaixpiles 
were  capped  with  a  ^-inch  timber,  the  upper  surface  of  which  is  at  the  low -water  line, 
the  balance  of  revetment  consisting  of  12  inches  by  12  inches  timbers. 

In  the  modified  ptun  (Fig.  4)  a  brace-pile  was  driven  to  the  level  of  bottom  of  canal, 
in  front  of  each  pile  of  the  main  row,  and  against  these  inclined  braces  were  framed  at 
an  angle  of  45°.  In  this  case  the  sheathing  was  placed  on  the  braea  and  not  Id  jear 
of  the  piles. 

Q.  J.   LYTOCOKXIt, 

Captain  ({f  ^njrineers,  U.  8.  A. 
WISCONSIN  EIVEE. 

T.— REPORTS  or  UHDTKNAKT  F.  A.  HQtMAlt,  CORPS  or  EMQINRBBB. 

United  States  Ekqikbbr  Oppicb, 

Maduon,  Wit.,  Deomhrr  9,  \9i^ 
Sir  :  Pursnant  to  your  orders  of  October  12, 1875,  I  have  the  honor  to  submit  the 
followiOE  report  "  bearing  on  the  practicability  of  the  present  system  of  improve- 
ment" of  the  WiBconsln  Hiver, 

The  work  of  the  sea8')D  just  cluiied  ocindiaCed  in  removing  snags  and  leaning  timber, 
and  also  in  perfecting  aud  conBtrnoting  a  portion  of  the  dams  and  shore-protections 
required  to  complete  the  sections  of  the  river  where  work  had  been  done  io  formei 

The  detailed  operations  of  the  two  working-partios  are  well  set  forth  in  the  accom- 
panying reiHirtB  of  Overseers  J.  R.  Berthelet,  jr.,  and  Ed.  C.  Hinman. 

A  platted  record  of  water-sange  resilings  since  June  30,  l(i75,  together  with  two 
sketches  of  portiousuf  the  river,  are  herewith  submitted.  The  latter  tOiow  the  lengths 
and  locations  of  all  dams,  &c,,  that  have  been  built  to  date;  the  estimated  lengths 
and  sites  of  daius  required  to  complete  the  partially-improved  sections ;  the  dams  re- 
paired during  the  season  jast  closed,  and  also  the  Mundlngs  taken  lost  October  in  the 
improved  portions  of  the  river.  The  rapid  changes  (for  the  better)  and  the  resnila  ob- 
tained in  the  channel  ut  the  coiupletL-d  Boctious  this  season  arc  very  encouraging. 
The  soundings  averaire  civer  5  feel,  aud  sliov  tliut  tliitri'  are  pluiity  of  deep  pockets  lo 
accommodate  the  sand  that,  it  is  thought,  must  and  will  leave  the  ehoaler  places  In 
time.    The  channel  is  well  described  in  the  reports  referred  to  above. 

As  much  stress  is  laid  by  some  on  the  time  (5  years)  already  spent  on  the  improrfri 
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ment,  tbe  fbllowine  obaeirstlona  may  not  be  inappropriate.  I  find  the  rollowiug  le- 
ported  on  patce  S^,  Report  of  the  Chief  of  EnfcmeerB,  IISJ3:  "  The  nork  of  tbe  int- 
proTenent  of  tbe  WisoonsiD  Kiver  was  commeuoed  on  tbe  S6tb  of  Jaae,  1871,  and 
partook  of  an  entirely  experimental  natare.  the  object  of  the  eiperimeotB  being  t» 
teat  tbe  poeaibilit;  of  makluK  tbe  aecessary  caDal-orominiiB  In  the  river,  in  ciie  the 
oanol-plBD  elionld  be  adopted,  aad  at  tbe  same  time  to  l«Bt  tbe  poeaibility  of  improvinE 
the  natural  nver-l>«d.  After  tbe  neceesary  pieparations,  the  work  waa  comaiencM 
on  the  upper  proposed  canal-croesinR,  abont  5  miles  below  Portage  Cil.y,  by  closin);  tbe 
left-hand  cbntinel  between  Pine  Island  and  tbe  left  bonk.  The  dftni  is700feot  long,  and 
bailt  ID  an  average  deptb  ol  'i  fret  of  water.  Owing  to  the  absenceof  materials  in 
tbe  immediate  vicinity,  the  work  coald  not  be  carried  on  as  proponed,  and  owing  to  the 
eontinned  low  water  of  tbe  eeason,  and  tbe  impoNBibilitj'  of  obtaining  naitable  boats, 
tbe  work  wae  a  continuons  strife  tbroughont  tbe  »eaeon.  A  comnienoement  was  also 
made  on  tbe  improvement  of  tbe  middle  canal-croMing  near  Lone  Rock. 

"  Here  Ihe  same  difflcnlty  I'conrred  an  atibe  upper  ci-ossing,  (the  absence  of  materials 
Id  tbe  immediate  vicinity  of  tbe  proposed  work,)  and  it  became  necessary  to  improve 
a  portion  of  the  river  above  tbe  propoHtd  work." 

The  records  further  show  that  during  the  fimt  years  of  the  improvement  many  eiper- 
imenis  were  made  before  tbe  present  melhod  of  bnildinK  dams  waa  decided  npou  ;  for 
eiaoiple,  dams  were  built  of  mpe  and  hruBh,  of  boxes  filled  with  sand,  of  bmsb  and 
saud-baf^,  of  brush  and  sand,  of  long  fascines  and  of  short  faacinea  (gabions)  filled 
with  stone.  Captain  Bell's  method  of  building  dams  was  tested,  and  a  "  section  dam  " 
wae  also  bnilt. 

I  also  find  that  tbe  seoBon  of  Ir^TS  was  "  practically  dosed  on  October  15,  1873,  far 
want  of  funds,  and  no  appropriation  being  made  so  as  to  be  available  before  tbe  end  of 
the  fiscal  year,  the  work  necessarily  remained  in  tbe  same  ooudition  as  at  tbe  end  of 
the  season  of  1e73,"  (page  107,  Report  of  the  Chief  of  Eugineers,  1874,)  so  that  tbe 
working  season  of  lrJT4  opened  late,  (July  1.) 

From  tbe  above  it  is  evident  that  macb  time  was  consumed  during  the  foor  seasons 
preceding  tbe  ouejost  closed  In  experimenting,  and  also  in  perfecting  Che  plan  of  im- 
provement adopted,  and  acquiring  facilities  for  carrying  it  out ;  also,  that  mach  time 
wae  last  tbrongh  lack  of  funds ;  so  that  not  nntil  the  present  working  season  bae  tbe 
work  progressed  untrammeled. 

The  natural  working  season  is  limited  by  the  spring  rise  and  the  freezing  of  the  rivet 
In  November.    A  little  over  two  yeara'  time  haa  been  spent  on  actual  oonBtraotion  of 

There  are  those  so  inconsistent  as  to  condemn  the  present  wing-dam  system  of  im- 
provement, and  yet  they  earnestly  advocate  General  Warren's  "third  plan,"  which 
contemplates  the  improvement  by  "  10,000  feet  of  wing-dams"  of  ruaobeeof  river  (at 
tbe  canal-crossings)  from  tt,300  feet  to 'if  miles  in  length,  (in  all  over  4  miles.)  If  snob 
leoKtba  can  be  improved,  why  not  tbe  whole  river  t 

The  opinion  heretofore  expressed  by  me  in  favor  of  tbe  prevent  B;Bt«m  of  improving 
the  river  remains  unchanged. 

Mj-  thanks  are  duo  to  Overstrer  J.  R.  Bertbeiet,  Jr.,  ond  Ed.  C.  HiDinari,  for  the  leal, 
ability,  andintelligeoce  with  which  tbey  have  discharged  the  ordaousaud  varied  datie* 
assigned  tiiem. 

BUUIURT  BT*TSMKNT  OF  WORK  DONB. 


To  dale,  bnilt 150  dams '.  65,971  linear  feet,  inclading  spur 


Todate,pnlled.. 
To  Jul 


To  date,  felled 5,830  leaning  b 

To  date,  improved  28  miles  of  river. 

To  dale,  partially  improveil  18  miles  of  river. 

To  date,  constructed  and  repaired  boats,  implements,  Ao.,  as  reqnlred. 


"ioot^le 


The  completed  Bectiooa  of  tbe  river  will  require  » 
It  ia  ibouicht,  with  tlie  orguuizatioD  proposed,  tbat  40 
partially  improved)  coald  be  completed  next  eetwou. 
Very  respecltiill;,  yonr  obedieot  servant, 


RBPORT  OF  MR.  BD.  C.  BINMAM,  OVBReEER. 

W18COS81N  River  Improvbmi{i4t, 

Portage,  Wi*.,  Jfccmifter  30,  1875. 

Sir  :  Id  acoordaace  with  your  instracliong  of  Sept«mbt:r  iH,  I  have  the  hooor  to  aab- 
ta\l  ihe  followin);  n!port  uf  operatiooH  of  the  nppor  party  od  the  WiaconsiD  River  im- 
provement during  the  working  season  of  1S75  r 

Owioe  to  high  water  work  was  not  coniiaeiiced  until  Hay  34,  it  being  impoeaible  to 
cnt  lirnab  in  the  bottom-lands  prevtons  to  that  time. 

The  party  was  temporarily  divided  into  two  sobparties ;  one  of  these  oommenoiog 
at  P  r cage,  the  other  at  Merrimac;  the  purpose  of  both  being  to  make  necessary 
repiiirs  over  tha  whole  portion  of  tbe  partially  improved  upper  section. 

Tbe  dams  in  miist  cases  were  found  to  be  in  xnod  oondition,  many  of  them  reqoiring 
oulv  slight  repairai  others  having  been  built  low  originally,  were  raised,  In  aeoordanoe 
■with  yonr  order  of  Jqub  30,  lrt75.  Only  one  of  the  dams  ou  the  lower  portion  of  this 
section,  built  during;  the  working  season  uf  1HT4,  needed  repairing,  and  then  only  par- 
tially. I  attribute  this  to  the  plan  on  which  tbey  were  oonetmoted,  being  the  same  as 
all  new  work  of  the  present  seasuu, 

During  the  time  repairs  were  in  progress,  (about  6  weeks,)  34dBra8,  bnilt  during  the 
year  sncceedlng  IHTI,  were  repaired,  and  many  of  them  for  tbe  Sist  time.  Hence, 
repairs  were  more  extensive  in  many  cases  than  they  would  have  been  had  the  system 
ftnd  facilities  for  working  in  former  years  been  tretter. 

July  15 repairs  were  completed  over  tbe  Merrimac  section  ;  tbe  two  subparties  were 
tben  consolidated,  having  an  equipment  consisting  of  United  States  steamer  Portage, 
United  States  ateam-soows  Boscobel  and  Dekorra,  i  quarter- boats,  3  large  and  5  small 
scowa,  with  a  monthly  average  of  100  men  all  told.  With  this  force  work  was  com- 
tneuced  at  Duck  Creek  Flats,  with  orders  to  pnt  in  tbe  additional  proposed  work  ne- 
cessary to  secure  the  required  channel  over  this  partially  improved  section.  The  afiove- 
Damed  flats  were  known  to  all  persona  who  ran  the  Wisconsin  on  rafts,  or  who  have 
been  connected  with  the  improvement,  as  a  portion  of  the  river  blocked  by  impassable 
sand-bars.  These  flats  were  improved  by  two  dame  from  a  low-water  channel  of  '20 
ioclies  to  one  of  4  feet.  At  tbe  month  of  tbe  Baraboo  a  similar  result  was  obtained. 
Fine  Island  Slough,  above  Dekorra,  was  improved  from  a  low-water  channel  of  3  feet 
to  :H  feet.  Tbe  nver  opposite  Dekorra,  from  a  low-water  channel  of  2  feet  scant  to  4^ 
feet.  Allen's  Flat's  from  a  low-water  channel  of  Vi  inches  to  3  faet.  The  work  on  these 
flats  was  not  completed  until  the  latter  part  of  Octol>or,  so  that  the  time  which  has 
elapsed  for  the  improvemeot  obtained  ia  very  short,  and  we  may  reasonably  expect  4 
feet  next  spring.  It  requires  more  time  for  the  channel  to  abape  Itself  in  some  places 
than  in  others — according  as  the  sand-bara  are  old  or  newly  formed. 

With  tbe  Qrst  cold  weather  "  anchor "  or  slush  ice  rises  from  the  bottom  of  the  river 
and  fills  the  channe)- completely.  This  oontinnes  until  the  temperature  of  air  and  water 
in  in  a  measure  equalizeil ;  gradually  this  ice,  carried  down  with  the  cnrrent,  becomes 
quite  solid,  and  might  damage  tbe  work  were  it  not  for  the  fact  that  before  the  run- 
niug  ice  becomes  solid,  that  portion  of  the  river  from  the  point  of  every  dam  up  stream 
(on  a  Hue  fvith  the  cbannel)  to  the  main  shore  freezes  over,  so  that  the  anchor-ice  In 
pausing  a  dam  cannot  strike  it,  bnt  instead  contiuues  to  remain  in  the  channel.  Shonld 
tlie  ice  go  out  with  low  water  in  the  spring,  th;it  portion  only  which  formed  over  the 
channelwitl  move,  while  that  above  ana  below  tbe  dams  will  remain,  protect  the 
dauia,  and  melt  where  it  forms  the  same  as  it  dove  in  all  bayons.  In  high  water  tbe 
-water  itself  protects  tbe  dams  from  ice.  Tbe  nature  of  the  banks  in  many  cases  ren- 
dent  it  necessary  that  the  channel  of  the  river  should  be  conSned  to  the  middle  of  it, 
(aa  at  Dekorra,)  and  in  this  way  prevents  the  banks  fh>m  washing  out. 

Tbe  river  at  this  point  (Portage)  closed  above  the  bridge  November  23,  but  ftora  be- 
low the  bridge  as  far  as  the  work  extends,  there  is  yet  a  clear  open  channel  all  the 
-way,  which  must  be  free  from  sand-bare,  else  the  anchor-Ice  would  gorge  and  close  the 
river.    The  water  is  lower  than  ever  before — gauge  reading  1.7  feet  oekiw  0  November 
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33.  The  veathfT  hu  been  very  coM  for  several  days,  tbe  thennain<>t«r  i«»diD)t  4°  b« 
low  0,  Knd  on  Kovember  '2B  read  16^  below  0.  In  all  preceding  yean  the  Wiaoonun 
Kiver  haa  frozen  over  before  the  Fox  River,  but  the  latter  naa  closed  at  Portaee  Ne- 
Tember  S4.  ThU  of  itself  is  concliialve  evidence  that  the  shoal  bars  on  which  tae  ice 
has  ftor^^  in  former  years  have  been  removed. 

Bafta  from  the  Yellow  Biver  have  made  trips  almost  every  day  during  the  past  aes- 
Bon.  The  average  time  consumed  in  the  run  from .  P.jrtaKS  to  Merrimac,  a  distance  of 
17  miles,  seldom  exceeds  8  hoois  in  the  lowest  water,  while  in  former  years  the  river 
was  In  some  places  almost  impassable,  and  rafte  were  obliged  to  tie  np  and  wait  for  s 
riM  of  wat«r. 

The  optnioD  among  raftamen  and  well-disposed  people  who  have  taken  puns  to  ex- 
amine the  work  lately,  Sreras  to  be  I  hat  the  present  plan  of  improvemeut  will  olti- 
Diately  prove  a  complete  snccess. 

There  is  in  fact  but  little  dissatisfaction  among  the  people  compared  with  that  of 
former  years.  *  •  •  *  *  On  Novcmlwr  6,  work  on  the  river  was  SDspended  on 
account  of  cold  weather.  Up  to  this  'late  19  new  dsnis  were  built — all  of  them  wiug- 
daaiB  except  2,  the  balance  on  this  reach  having  been  built  in  former  aeasons.  Tbe 
river  was  also  cleared  of  snags  and  leaning  timlier  in  tbe  vicinity  of  said  work,  vbicb 
wae  confined  to  the  distance  Iwtween  Portage  and  dam  No.  6,  lS7'i,  1*2  tniles,  In  eveiy 
case  the  river  has  shown  a  rapid  improvement  after  the  completion  of  a  dam,  and  Ibe 
improvement  uf  the  river  this  year  over  tbat  of  last  can  be  readily  seen  fh>ni  a  cois- 
parisoD  of  tbe  soundings  taken.  Those  taken  Ibis  season  (the  gauge  reading  U.2  Ibot 
above  0,  or  low  watfr  of  1872  at  Porlagc)  aie  more  uniform  aud  average  uiucb 
better.  The  shualrst  water  found  on  the  completed  portion  was  3  feet.  .(The  party 
was  conslnicliog  dam  No.  14,  1^7^,  when  said  soundin|^  were  taken.)  This,  however, 
is  more  water  iIibq  can  be  fiiUliil  on  tbe  Upper  Misnissippi  River  in  dead  low  water. 

We  cannot  expect  to  oliiaiii  the  greatest  resiills  from  tbe  work  in  sosbortalime  :  iHit 
with  enotbFTM'atoii  of  rise  and  fall  of  tbe  water,  tbe  work  completed  will  undoubtedly 
prove  the  wing-dsm  BjHteni  ascarried  out  on  the  Witiconsiu  River  ail  that  is  expected. 

HKCAP1TII-AT10B   OF  WORK   jtCCOMPUSBKD. 

33  dams  <t5,&T&  linear  feet)  repaired  during  season  of  ISi^i. 
til  dams  (11,220  linear  feet)  coiislr.ucted  during  seaaun  of  l^b. 
Id  dams  (5.0.%  linear  fret)  repaired  since  June  :tll,  1^5. 
In  dams  (10,774  linear  teet)  uonslrucled  since  June  30,  1875. 
4  bank-protections  (2,2tKt  linear  feel )  built  since  June  IV),  1475. 
93  sDflgB  palled  aitlce  June  30,  IHTG. 
1,071  leaning  trees  fulled  since  June  30,  li^5. 
Resprctfnlly  submitted. 


RKPOHT  or  Mi{.  J 

Wisconsin  Rheb  Impi«)veme.st, 

J?<McoM,  Korrmber  29, 1875. 

Sir  :  In  accunlancv  with  your  inHtmotioiis  of  September  20,  I  have  tbe  lionci 
to  respectfully  submit  Ilie  foLluwing  report  uf  uperatioiin  of  the  lower  workiag-parly 
of  the  Wiscooaio  River  improvement  for  'he  season  of  l/itti. 

During  the  vrorkiug-seHHOD  Just  cloied  tbe  lower  party  ootisiated  of  ibc  fultoiriu|; 
boats  and  men :  Steamen  Witineeouue  aud  L.  W.  Crane,  4  large  and  2  amuli  scows,  alio 
a  quarter-boat,  wiih  a  party  of  70  uieu,  (aliont  ihe  average  of  the  seasou.) 

The  Mteanier  L.  W.  Cruuo  and  crew  with  5  laborers  kept  ahead  uf  the  coi._  _.    . 
party,  felling  tbe  leaning  timber  aud  p u  11  iug  snags  aloug  [lie  partially  iuiprovedcl 

This  parly  passed  over  the  river  from  Kicbland  City  to  Boiwobel  during  the  Beasim, 
and  felled,  since  Juue  :10,  4,107  trees  tbut  huug  over  the  bank  where  the  cliauiiel  paiwcil, 
and  pulled  from  said  chnniiel  since  the  above  date  l,07.~>  Hiiags.  The  sai<l  timber  and 
snags  were  trimmed  of  brush,  cut  u|)  into  lengths  of  15  to  20  feet,  and  banled  back 
upuu  the  bank  beyond  danger  of  being  taken  olf  liy  high  water.  The  work  of  this 
party  was  as  thorough  as  possible;  during  high  water  many  siiaga  were  unavoidably 
passed,  andat  the  low-water  stage  there  were  quite  a  number  that  oould  not  bereacbwl 
until  tbe  construction-party  bad  done  its  work. 


charge  passed  o   .  _„...,... 

it  built  7,Ot20  feet  of  now  work,  anit  repainid  10,321  feet  of  old  oi    .     

On  June  30  tbig  party  aaa  ut  wurk  upon  "  Hnacoda  Flats,"  having  previous];  worked 
on  that  portion  of  the  ri^      '  '  .  ^-  .  .      .  ^■.  ,  .  .    t   .     ., 

have  progTHHsed  toward  B 
6,440  feet,  and  repaited  20  dams,  6,ti50  feet. 

It  ia  my  itnpreMiion  that  more  work  was  done  this  season  on  this  section  than  during 
any  praviona  season,  probably  owing  to  the  better  adaptation  of  the  rebuilt  steamer 
Winueconne  and  denerat  outfit  to  the  work,  Ac. 

The  repairs  to  old  work  made  by  this  puty  were  comparatively  light,  with  the  ex- 
ception of  those  on  3  or  4  dams,  proving  beyond  qnestion  the  dorability  of  dams,  as 
the  most  of  those  repaired  were  constraotrd  during  the  seasons  of  1HT2  and  1RT3,  hav- 
ing withstood  the  freshets  and  breaking-up  of  the  ice  for  two  and  three  seaaona,  and, 
ae  stated  above,  required  but  alight  repair.  Several  of  tbe  old  dams  required  uo 
repairs,  being  in  good  condition  and  well  sanded  in  ;  and  it  ia  my  opinion  that  no  fur- 
ther work  will  be  necessary  on  aoy  of  tbe  repaini  made,  with  tlie  exception  of  thoee 
on  the  three  or  four  heavy  settlements,  whieh  were  like  tbe  building  of  new  daina,  BOd. 
tbe  brush  may  aettte  to  some  extent.  It  is  thought  that  the  dams  of  this  season  will  . 
i«qnire  less  repairs  than  those  of  fonuer  suasona,  owjdk  to  their  greater  height,  width, 
'  and  strength . 

I  nonld  ruspectfully  invite  your  attention  to  the  faot  that  repairing  old  work  is  slow 
and  difflcoU  ;  not  so  much  the  work  of  tilling  up  the  settlement,  as  the  dilQoulty  aad 
labor  of  getting  material  to  it.  In  nearly  every  case  where  repairs  to  old  work  were 
made,  bars  were  found  above  the  dam,  or  else  tbe  water  was  ao  shoal  as  to  exclade  the 
use  of  loaded  scowa,  often  necesaitatiDg  the  wheeling  of  material  several  houdredfeet. 
Settlements  of  any  conaeqaence  were  found  only  where  the  dam  was  built  iu  very  ahoal 
water,  on  a  live  or  moving  bar,  or  on  a  dry  bar.  The  eKteosion  of  old  wiufc-dama  offers 
obataclee  that  take  much  lime  and  labor  to  overcome.  At  the  end  of  old  wing-dams 
the  water  is  deep,  and  there  ia  often  a  strong  eddy,  which  makes  it  very  difficult  to 
sink  mnt«,  aud,  after  overcoming  this,  there  is  also  a  arosa-oarrent  to  contend  with  the 
entire  length  of  the  exteusion. 

After  leariug  Huacoda  Flats  (July  12)  the  party  met  with  no  difficulty  until  it 
reached  tbe  repairs  and  extenaion  of  ilain  No.  C,  1^3,  below  which  there  ffas  a  flat  bar 
extending  from  bank  to  bank,  with  bat  in  iocbee  of  water  over  it.  The  material  for 
thia  work  being  l>elow  tbe  bar.  the  steamer  Winueconne  was  forced  over  tbe  latter,  and 
wonnd  the  material  for  tliU  dam  over  1,500  feet.  It  was  but  a  short  time  after  oom- 
pteling  said  dam  that  the  steaniar  Winueconne,  draningiM  inches,  was  enabled  to  raa 
by  it.    Soundiogs  now  show  a  cbanael  of  ^  to  5  feet  over  this  portiou  of  ihe  river. 

The  next  point  that  gave  tbe  party  tmnble  was  that  called  "  Filling's  Flats,"  or  at 
dam  No.  4,  IUT5,  wbem  a  similar  bar  to  that  above  was  fonnd,  with  but  14  inches  of 
water  over  it.  Again  material  was  below  the  bar,  and  all  nsed  in  the  constrnotion  of 
dams  Nos.  4  and  5,  1875,  was  wound  b;  the  steamer  to  the  sites  of  said  dams,  she  being 
BDchored  as  low  on  ibe  bar  as  poe«ibie. 

Immediately  after  the  completion  of  these  two  dams  the  said  steamer  ran  over  the 
said  flats  without  difficulty.     SoundingH  now  show  .SI  to  7  feet  at  this  point. 

A  division  uf  water  at  dam  No.  9,  I8T3,  caused  bv  a  heavy  settlement  in  said  dam 
between  the  islands,  made  a  bar  below  which  sbut  off  the  party  from  Port  Andrew. 

After  the  repaira  were  made  to  this  dam  we  were  enabled  to  reach  the  material 
secarecl  below.  Kepairs  from  dam  No.  9  to  No.  13,  l'j73,  were  made  during  the  riae  of 
nearly  .1  feet  betweeu  the  5tb  and  ^4tii  of  September. 

Between  dam  No.  7, 1(^75,  and  tlic  m  mrb  of  Dliie  Kivar  (E.itou'B  Flat^)  four  newdams 
^ere  built,  each  dam  opening  a  channel  for  tbe  moving  of  the  working  boats.  Pre- 
vious to  tbe  construction  of  these  four  dams  there  were  four  crossinga  on  this  flat 
(fith  less  than  18  inches  of  water  on  each.  Soundings  of  recent  date  show  but  two  of 
leM  than  3  feet,  i.  c,  2  feet  10  inches.  This  portion  of  tbe  river  has  alwaya  been  a  dread 
to  river-men,  but,  in  my  judgment,  it  will  hereafter  be  a  good  piece  of  nver,  as  tbe  dnt 
ia  narrowed  by  tboae  fonr  dnma  to  less  than  600  feet,  and,  tlie  Tiger  Slougha  being 
effectually  oloaed,  the  entire  river  flowa  through  this  cuntractiun. 

After  completing  tbe  work  over  Eaton's  Flat,  it  was  thought  advisable  to  pass 
over  the  section  between  the  mouth  of  Blue  River  and  Perdu  Bay  for  tbe  present,  as 
that  portion  of  tbe  river  is  genemUy  good,  and  tbe  season  being  ao  far  advanced  as  to 
leave  barely  time  te  do  the  proposed  work  in  tbe  vicinity  of  P^u  Bay  and  also  have 
the  boats  couveulout  to  wloter  quarters. 


^tH>t^lc 


Acoordiugly,  on  the  SStti  of  October,  the  boats  Mid  P*rty  were  moved  to  Perda  Bty, 
Mid  worked  in  tliat  neighborhood  ontil  the  L7th  of  November,  when  the  boaU  nen 
Uid  np  for  the  winter. 

The  total  reiulta  of  the  late  work  abont  Perdu  Bay  are  Dot  yet  prodnoed,  ai  all  tbs 
proposed  dame  fbrthie  vicinity  are  Dot  jet  bniit,  thoDeh  I  am  ealiafied  of  a  great  im- 
proTemitDt  even  now,  m  large  qnantitiee  of  Baud  have  been  put  In  motion. 

SouDdinM  taken  over  this  section  (Boscobel  to  Richlaod  Cit;)  on  the  89th  of  Octo- 
ber show  but  three  bars  with  le«s  than  3  feet  of  water,  and  each  one  of  theae  wan  s 
fi>miation  from  the  sand  displaced  by  this  season's  work,  not  j'eC  having  found  a  rcM- 
Ing-place  in  the  slack-water  formed  b;  the  dams.  All  of  the  old  shoal  cnwaings  sad 
bars  have  either  disaiipeared  or  improved  to  na  extent  giving  BouadinKS  of  from  3  to 
5  feet  over  them.  I  am  con&deut  of  a  nell-defioed  channel  of  4  feet  (and  a  still  furtber 
improvement  nitli  time)  over  this  section  at  next  season's  low  water,  without  farthet 
work,  thouf;h  it  may  be  ueceseary  to  bnild  the  few  dams  marked  on  accompanyiog 
sketch  to  make  Che  channel  peifectly  reliable.  Tu  show  the  reliability  of  the  iuiprovu 
ohannell  wontd  ciui  the  following  instance:  October  30  the  hteatner  Winneconne  vos 
run  from  Muscnda  to  Perdu  Bay,  in  a  heavy  gale,  withon  I  difficulty,  while  In  the  Dnioi- 
proved  river  it  is  impoHsible  to  run  in  windy  weather,  as  the  channel  is  not  defined 
and  the  bars  not  visible,  compelling  boats  and  rafts  to  tie  up.  Immediately  after 
freshets  the  river  is  very  flat.  This  wilt  be  the  case  to  a  limited  extent  through  tlis 
improvement,  but  the  river  will  adapt  itself  to  a  good  low-water  channel  much  aooael 
in  the  improvtd  portion  than  elsewhere. 

In  oonolnsioD,  1  will  say  that  all  practical  men  along  the  line  of  the  improvemeol 
are  impressed  with  its  ultimate  sucoeas.  Raftsmen  and  river-men  generally  are  out- 
spoken in  praising  the  improvement,  and  I  believe  the  community  at  large  are  well 
pleased  with  the  work  of  the   past  season  and  the  manner  in  which  it  has  been  eie- 

Very  respectfully,  jour  obedient  servant, 

J.  R.  Bekthklet,  Jk., 
Omrieer  Zouw  Party,  Ffiiamiin  Rirtr  /taproreMflit. 
Ident.  F.  A.  Hinhjin, 

Corp*  of  Engineer*,  V.  3.  A. 


VI. 

Unitbd  States  Enqlvesr  Office, 
ifiltMvbM,  fTu.,  July  3, 1876. 

SiK :  I  have  the  honor  to  snbmit  the  foIlowiDg  report  of  operations  on  the  Wiscoosio 
River  improvement,  supplementary  to  that  of  December  9,  1875,  for  the  fiscal  year 
ending  Jane  30.  IStS. 

Since  the  close  of  operations  last  fall  the  boats  and  other  property  have  been  guarded 
and  put  in  good  order ;  the  repairs  in  most  cases  were  very  slight,  some  boats  reqaii< 
log  none  whatever.  All  boats,  &c.,  were  concentrated  at  Forloge,  Wis.,  this  aprinf;, 
after  the  ice  went  out  of  the  river. 

The  stage  of  water  has  been  excellent  this  year,  the  highest  recorded  at  Portage  be- 
ing 6.3  feet,  (May  3,)  and  the  lowest  'J.Tj  feut  above  low  water  of  lci72,  bo  that  at  na 
time  this  senson  has  it  been  posaible  to  inspect  the  work  at  extreme  low-water  stage. 

On  the  lat  inataiit,  I  inapeoted  the  upper  section  of  the  improved  river.  Freqaent 
and  careful  annndings  diaolosed  a  S-foot  channel  the  entire  length,  ezoepting  three 
soundings,  4.7  feet,  4.9  feet,  and  4.4  feet,  due  to  new  work  it  is  thought;  the  gaiig« 
reading  at  Portage  wsa  4.7  feet  above  low  water  of  1ST2. 

The  shore  protectioua  were  in  good  condition  and  the  dams  were  in  a  remarkably 
fine  state  of  preservation  ;  a  few  will  require  repairs  as  was  anticipated.  As  the  river 
was  high  I  had  to  Judge  mostly  of  the  condition  of  the  dams  by  the  nuiformity  of  the 
break  ur  fall  of  water  due  to  them ;  and,  also,  by  the  shape  of  the  ohanuel.  Of  eoune, 
the  high-water  channel  is  no  criterion  of  what  the  low-water  channel  will  be,  for  res* 
sons  given  iu  previous  reports,  but  it  ia  thought  that  the  soaadings  predict  a  belter 
low-water  channel  this  year  than  formerly.  Dry  bars  were  observed  around  many  of 
the  dams  which  were  never  before  notit^ed  at  this  stage  of  water.  The  channel  is  the 
completed  portiun  is  most  probably  located  pemtanenitg,  as  it  is  in  the  same  place  u 
last  year.  Several  river-men  of  ex|>eTience  have  admitted  to  me  that  the  improved 
river-channel  was  never  so  good  and  well  defined  as  now.  There  being  no  troalsen 
the  lower  section,  I  did  not  inspect  it. 

Work  on  the  construction  of  dama  and  shore  protections  has  not  been  reanmed  mdw 
the  oloM  of  last  season's  operations,  owing  to  lack  of  funds.    It  is  designed  to  earn- 


jnence  work  on  the  flxtenslon  of  the  npper  section  m  booh  m  an  appropriation  beoomea 
»T»ilBble. 

Very  rospectfiilly,  yonr  obedient  servant, 


VII. 

UxiTBD  States  Enoinrbk  Opficb, 

MUwaukee,  Wii.,  Julg  5,  1878. 
Sir  :  lo  aocordtuic«  nith  yonr  orcter  or  Febraary  21, 1^6,  I  assumed  charfre  of  "  the 
works  OD  the  Fox  Biver  above  Lake  Buffalo,  inclndiiig  the  PurtaRi)  Canal,"  and  now 
have  the  boD<^  (o  eabniit  the  followiiis  report  of  operations  on  saidworkd  from  tha 
aaid  date  to  the  elose  of  the  fiscal  year  ending  June  30,  l(f76. 

A  ooffer-dam  \raa  bailt  Jnst  above  this  lock  for  the  purpose  of  repairing  the  f^tea, 
on  oompletioD  of  which  repBire  the  dam  was  removed,  aDd  (be  sand  id  the  upper 
approBcti  to  said  lock  was  removed  by  the  aid  of  a  scraper  bnilt  for  the  Wisoonsiu 
River  work.  The  scraper  was  riggeii  on  a  small  scow  maneuvered  from  a  steamboat 
anchored  a  few  hundred  feet  above  the  lock.  The  sand  was  scraiied  into  and  carried 
off  by  the  current  of  the  Wisconsin  River.  The  eicavations  immediately  above  the 
look-Kates  were  made  by  means  of  a  baud-dredge,  aud  the  sand  in  ihe  lock-chamber 
was  thrown  ont  by  shovels.  This  lock  had  not  been  nsed  foe  some  time  previons  to 
theSUtb  nltimo.  It  will  now  admit,  in  ail  stages  of  water  of  (heWiscoPsm  River,  of 
the  passage  of  boats  drawing  2.5  feet  of  water. 

S.    NEW    OUAltD-LOCK    AKS    BASIN. 

Land  lying  south  of  the  Portage  Caual,  between  the  guard-lock  and  the  Wisconsin 
Btreot  bridge,  is  now  being  coodemoed,  on  which  it  is  designed  lo  build  at  some  time 
a  new  guard- lock  adapted  to  a  5-foat  channel,  and  a  spacious  basin  for  boats  to  torn  in. 
The  longer  axis  of  the  said  lock  will  be  nearly  parijiel  with  the  current  of  the  Wis- 
consin Elver,  to  afford  easy  access  to  boats  entering  it  from  said  river.  The  river-bank 
between  it  aod  the  old  guard-lock  wilt  be  strongly  revetted  with  brash  aud  raised.  A 
brush-dam,  to  be  built  on  the  opposite  shore,  will  throw  the  water  across  so  as  to  keep 
the  south  entrance  to  the  new  lock  free  from  sand,  &c.  Borings  at  the  new  lock-eite 
have  l)een  commenced,  but  are  delayed  by  high  water. 


Owing  to  the  continued  high  water,  thu  contractors,  Messrs.  Conni.  Starke  &  Co- 
were  Qnable  to  resume  work  ou  the  canal  uutil  May  16,  since  which  date  the  work  waa 
prosecuted  diligently,  aud  the  contract-work  completed  the  30th  ultimo.  The  remain- 
ing portion  of  the  canal-bank  (923  linear  feet)  wbiob  borders  the  laud  now  b«ing  con- 
demned will  be  protected  by  a  temporary  light  brush -revetment,  which  will  be  flDisbed 

The  draw-bridge  at  Wisoousiu  street  over  this  oanal,  maintained  by  the  Uolted 
States,  was  replauked,  tightened,  aud  timbers  placed  auder  both  abutmeuts  down  to 
the  level  of  the  caoal-becl ;  the  latter  were  securely  braced  against  piles. 

The  temporary  trestle-bridge  coustruoted  by  the  city  of  Portage  over  the  canal  at 
Ketcbnm's  Point  has  been  removed  by  said  city.  It  is  presamra  that  the  city  will 
wish  to  replace  it  with  a  draw-bridge. 

A  new  timber  waste-weir  was  constructed  for  this  canal  on  the  site  of  the  old  one, 
adequate  M  a  fiwder  for  the  Fox  River. 

On  the  30th  ultimo  water  was  let  into  the  caual,  aod  the  Uuiteil  States  steamer 
Boficobel  rau  from  the  Wisconxin  River  tbrungb  Che  canal  into  the  Fox  River  and 
back.    The  locks  and  bridges  were  all  found  to  be  in  good  order. 

The  surface- drain  age  from  the  streets  of  the  city  of  Foriage  deposited  90  cubic  yards 
of  material  in  the  cauul  during  the  past  year.  This  was  removed  before  the  canal  was 
opened. 

Suvnuarii  italtnient  of  inork  on  canal. 
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Tbe  materiBl  excavated  for  the  canal  was  damped  bIod^  the  baok  of  the  Wiaoondn 
Hirer  from  tbe  gnard-lock  doVn,  makioK  the  bonk  at  thia  point  higber  and  Btrougw. 
The  longest  haDl  was  3,000  feet. 


Tbe  coffer-dam  below  tbig  look,  and  ftlao  tb«  reniaing  of  tbe  one  above,  were  t«- 
moved.  Tbe  saud  immediately  abovn  tbenpper  Kate  was  removed  b;  a  band  dredxe; 
minor  repairs  were  made  10  thd  fc^tes  anil  Bmall  sectiooa  of  the  walls  were  refiUMl 
with  material. 


On  tbe  15th  of  May,  Mesars.  Conro,  Starke  &  Co.  oommenced  dredging  oat  tbe  ssod- 
bar  (1,900  feet  in  length)  that  had  formed  Just  below  Winoebaxo  Lock,  to  secure  a 
depth  of  5  feet,  tbe  n'idth  of  the  rivur,  which  avoragea  about  TO  feet.  From  the  said 
date  to  tbe  lat  instant.  14,B37  cnbic  yards  of-  material  have  been  eicoavated  over  a  dis- 
tance of  D,150  feet.  The  dredge  became  tbe  property  of  the  United  States  tbe  Ist  ID' 
stant.  A  large  scow  will  be  constructed  to  replace  tbe  two  amallonea  that  now  carry 
it.  Its  capacity  on  tbia  work  ia  about  40  yards  an  hour.  It  will  work  for  tbeprceent 
on  the  shoalest  places  in  order  to  secure  a  fair  channel  as  soon  aa  possible.  The  dmlg- 
ing,  hereafter,  on  tbia  level  will  be  very  light  to  aecnre  a  5-foot  channel. 

A  few  weeks  since  the  Wiaonnsin  Central  Railroad  Company  obtained  the  consent  of 
the  United  fitatce  to  constract  a  "jack-knife"  drsw-bridge  across  thia  level  at>oat  2 
miles  below  Winnebago  Lock.  One  of  the  conditions  waa  that  tbe  water-way  shonld 
be  entirely  anobatract«d  by  the  said  bridge.  A  recent  inspection  disclosed  the  fact 
tbat  the  said  cundilion  wa?  not  being  complied  with,  and  the  company  was  notified  to 
remove  the  oltstruotions  (piles)  or  an  iignnction  would  be  applied  for.  The  engineer 
of  tbe  company  has  ootined  me  tbat  be  will  remove  the  piles  and  change  the  sp- 
pioacbea  so  tbat  tbe  bridge  will  cross  the  river  squarely  instead  of  obliquely  as  pro- 

r  repairs  made  to  tbe  lock.    Tbe  aand  waa 


It  is  proposed  to  dredge  on  this  level  aa  soon  aa  tbe  dredge  floiafaes  above. 
Tbrongh  navigation  over  tbe  above  scctio  s  will  probably  he  opened  the  Tib  instant 
Very  respectfully,  your  obedient  servant, 

F.  A.  HlXMAK, 

Firit  Lieut.  Corpi  of  Buginttn,  U.  S.  A. 
Mftjor  D.  C.  Houston, 

Corpi  of  Unginefri,  U.  S.  A. 

letteb  of  the  chief  of  enginbebl}  on  the  subject  of  lowek- 
ing  the  dams  at  the  outlets  of  laee  winnebago. 
.  Office  op  the  Chief  of  Enoineebs, 

Washington,  D.  C,  May  8, 1876. 

SlE:  I  beg  leave  to  iovite  attention  to  the  accompanying  copy  of  the 
report  of  Ma.).  D.  C.  Honston,  Corps  of  Engineers,  dated  Ist  iostaDt,* 
on  tbe  subject  of  lowering  the  (latn»  at  the  ontlets  of  Lake  Winnebago, 
known  as  the  Neenah  and  Menasha  Channels  of  Lower  Fox  River,  aod 
in  connection  therewith,  to  the  act  approved  March  3,  1875,  entitled 
"An  act  to  aid  in  the  improvement  of  the  Pox  and  Wisconsiu  Rivers, 
in  the  State  of  Wisconsin."    This  act  contains  the  following  olanae : 

In  case  any  lundB  or  other  property  is  now,  or  shall  be,  flowett  or  injured  by  means 
of  any  part  of  Ibe  works  of  said  improvement  heretofore  or  hereafter  cotiatructed, for 
which  compensation  is  now  or  shall  become  legally  owing,  and,  in  tbe  opinion  of  tbf 
officer  in  charge,  it  is  not  prudent  that  the  dam  or  danis  be  lowered,  tbe  amonnt  of 
such  cotuitensatiou  may  he  ascertained  in  like  uiatiner. 

The  officer  of  the  Department  of  Justice  appoioted  to  "  represent  the 
interests  of  the  United  States  in  legal  proceed]  tigs  under  this  act,  and 
for  flowage-damages  hereinbefore  described,"  ap|>ears  to  have  acted 
Doder  tbe  assumption  that  because  the  dams  in  question  had  not  been 
lowered,  it  was  tbe  opinion  of  tbe  officer  in  charge  that  they  should  not 
be  lowered,  and  iu  cousequence  to  have  put  tbe  United  States  to  con- 
siderable expense  for  surveys,  investigations,  &c.,  deemed  n 
'  For  Hi^or  HoastoD'a  report  of  May  1, 1876,  see  pa 
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bim  to  protect  the  interest  of  the  United  States.  As  Major  Honston 
jQStly  remarks,  *'  it  would  seem  that  the  first  thing  to  do  would  be  to 
ascettain  this  opinion"  of  the  officer  in  charge. 

It  will  be  seen  from  Major  Houston's  report  that  awards  have  alread; 
been  made  t«  the  amount  of  $70,000,  and  that  a  much  larger  snm  will 
have  ultimately  to  be  paid  if  tbe  liability  of  the  United  States  is  deter- 
mined. 

The  dams  which  have  occasiooed  the  flowage  referred  to  were,  as 
stated  by  Mi^or  Honston,  not  constructed  by  tlie  canal  couipanies  and 
are  not  nt  all  necessary  for  the  purposes  of  navigation,  and  so  far  as  that 
is  concerned,  could  not  only  be  lowered  but  entirely  dispensed  with. 
The  dams  were  built  by  a  water-power  company  solely  for  their  own  use 
and  profit,  and  for  water-power  purposes,  thus  raising  the  water-level 
and  causing  flowage  for  which  tbey  should  be  held  liable. 

It  appears  that  when  the  State  of  Wisconsin  "undertook  the  im- 
provement of  the  Lower  Fox  for  purposes  of  navigation,  it  made  some 
arrangements  with  the  owners  of  the  dam  at  Menasha  as  a  part  of  the 
route,  retained  the  dam  :it  the  present  height,  and  thos  by  some  legal 
decision  became  liable  for  the  flowage  cause<l  by  the  dams,  which  legacy 
it  has  bequeathed  to  its  successors,"  the  last  of  them  the  O-overnment  of 
the  United  States. 

M^or  Houston  is  "of  opinion  that  it  is  prudent  that  the  dams  be 
lowered  so  far  as  the  Government  is  concerned,  and  as  a  practical  solu-  . 
tion  of  this  matter  which  will  relieve  the  Government,"  he  proposes 
"  to  deepen  the  present  canal  to  such  depth  that  if  the  dams  were  re- 
moved there  would  be  sufficient  depth  for  navigation,  or,  what  is  better, 
cut  a  new  caual  to  the  same  depth."  M^jor  Houston  has  had  surveys 
made  of  various  routes  for  a  canal  to  secure  the  object  in  view,  and  con- 
Biders  tbe  route  marked  G  I>  ou  tbe  accompanying  sketeh,  in  lull  red 
lines,  as  the  best  The  estimated  cost  of  this  he  puts  at  9166,558,  or, 
<ledncting  the  cost  of  the  lock,  which  will  have  to  be  built  in  any  event, 
and  $25,000  which  will  be  needed  for  various  purposes,  the  cost  will  be 
reduced  to  $106,558. 

I  concur  in  the  views  expressed  by  Major  Houston,  and,  with  your 
approval,  will,  in  the  next  annual  estimates  from  this  office,  submit  the 
above  estimate  tor  the  proposed  canal.  In  the  mean  time  I  beg  leave 
to  recommend  that  the  honorable  tbe  Attorney-General  of  the  United 
States  be  requested  to  give  the  necessary  instructions  to  the  United 
States  attorney  appointed  to  protect  the  ititereste  of  tbe  United  States 
in  the  claims  for  flowage  nnder  the  act  of  March  3,  1876,  "  to  aid  la  the 
improvement  of  the  Fox  and  Wisconsin  Bivers,  ia  tbe  State  of  Wis- 
consin," to  resist  all  claims  for  flowage  caused  by  reason  of  theconatrac- 
tion  of  the  dams  at  the  N^eenah  and  Menasha  Obannels  at  the  outlets  of 
Lake  Winnebago. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUUPHBEYS, 
Briff.  Oen.  and  Chief  of  Engineers. 
Hon.  Alphonso  Tapt, 

Seoretaiy  of  War. 

[iDdoTsement.] 
The  plana  of  M^or  Hoaston  herein  referred  to  are  concurred  in.    The 
Attoroey-Oeneral  will  be  requested  to  defend  the  interests  of  the  Unit«d 
States  in  salts  for  flowage-damages. 

Ai.PH()NSO  Tapt, 

Secretary  of  War. 
Mat  17, 1876.  O 
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No.  4. 

SPECIFICATIONS 

— FOR  A — 

MATTRESS  BOAT. 


This  boat  is  to  be  110"  long  (face  to  face  of  head- 
pieces) and  33"  wide,  viih  a  7"  carved  rake,  rising  3"  at 
each  end.  It  is  designed,  when  in  use,  to  lie  athwart 
the  cnrrent,  or  at  right  angles  to  the  bank  line. 

The  low  ganwale  on  the  np  stream  aide  ie  to  have  a 
carved  knuckle  and  a  bilge  kelson,  the  deck  to  cnrre 
Mr  to  the  incline  under  the  ways.  The  high  ganwale 
on  the  down  stream  side  is  to  be  straight  and  4}"  deep. 
The  bottom  is  to  be  stiffened  athwartships  with  heavy 
'  cross-bearers;  the  boat  is  to  be  stifiened  laterally  by  a 
set  of  plank  braces  on  top  of  floors  in  up  stream  com- 
partment. 

The  boat  is  to  be  stiffened  longitudinally,  on  the  cen- 
ter line,  by  a  Howe  trass,  of  which  the  keel  and  kelson 
form  the  lower  chord.  The  ways  are  to  run,  with  a  slope 
of  4  to  1  on  the  inclined  deck,  from  the  top  chord  to  the 
forward  ganwale.    A  back  or  working  platform  is  to 
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oover  the  down  stream  half  of  the  boat,  and  is  to  be 
supported  in  such  a  manner  as  to  provide  room  for  a 
wire  net  device  beneath,  and  a  free  and  continaous  space 
for  the  net  to  ran  oat  over  the  top  chord. 

The  lamber  is  to  be  oak  and  white  or  soathem  yellow 
pine,  as  may  be  specified,  all  of  which  must  be  sound, 
without  loose  or  rotten  knots,  sqnare  edged  and  fall 
cornered,  and  the  yellow  pine  especially  free  of  sap. 

The  boat  is  to  be  bailt  complete  as  act  forth  in  th^e 
specifications,  and  as  shown  in  the  accompanying  draw- 
ings. All  material  must  be  of  good  quality,  and  the 
work  must  be  done  in  a  thorough  and  workmanlike 
manner,  and  to  the  satisfaction  of  the  Superintendent. 

Cboss-Bbaberb  {Oak). 

The  boat,  between  rakes,  is  to  be  divided  into  twelve 
panels  of  8"  each.  At  each  of  the  thirteen  panel  points 
there  is  to  be  a  cross-bearer,  9'"x21'",  made  up  of  twa 
pieces. 

The  lower  piece  is  to  be  9'°x9'*',  jogged  2'"  over  grub- 
atrake  and  boxed  full  thickness,  6'°  up  and  5"  on,  into 
bottom  strake  of  the  high  gunwale  ;  it  is  to  be  notched 
3'°  under  binding  strakes,  main  and  bilge  kelsons,  and 
floor  braces — all  as  shown.  The  upper  piece  ia  to  be 
9'°xl2'',  boxed  full  thickness,  5'°  down  and  4'°  on  into 
the  second  strake  of  high  gunwale,  and  6'°  up  and  3'°  on 
into  the  top  atrake  of  low  gunwale ;  it  is  to  be  notched 
6""  over  binding  strakes  and  bilge  kelaon,  and  3'°  over 
main  kelson. 

The  high  gunwale  end  of  croaa-bearer  is  to  be  drift- 
bolted  to  gunwale  with  two  J''  round  bolts,  18"  long, 
driven  inclined  from  below  through  grab  strake,  and 
two  bolts,  15'*  long,  driven  inclined  from  top,  as  shown. 
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The  two  pieces  are  to  be  bolted  together  with  one  f" 
Bcrew  bolt  of  21'°  clear  length,  head  under  cross-bearer 
and  nnt  on  angle  strap  at  foot  of  main  top  timber. 
Hound  !'■  boltB,  24"  long,  are  to  be  driven  from  below 
through  bottom  and  points  riveted,  two  through  the  kel- 
son and  one  through  the  binding  strake  on  each  side. 
Nine  J'"  round  drift  bolts,  shifted  alternately  on  opposite 
edges,  are  to  be  driven  at  intermediate  points  as  shown. 

Idmbers,  J'°x3'°,  are  to  be  cut  under  the  croas-bearers, 
near  each  end,  in  position  to  avoid  seams  in  bottom. 

High  Gunwale. 

The  high  gunwale  is  to  be  4"  6'°  deep  over  all  and 
made  up  as  follows : — 

One  Onib  Stroke  of  oak,  6''xl5'",  laid  flat  and  bent  up 
rakes,  in  three  lengths  as  follows :  37"  Iff",  46"  and 
37"  10",  scarfs  to  be  plain,  6"  long  with  3'"  nibs,  and  each 
bolted  horizontally  with  four  f"  rivets;  lower  edge  to 
be  quarter  round  on  a  radius  of  S'". 

One  Bottom  Stroke  of  oak,  9"x9'°,  in  lengths  as  fol- 
lows: 11"  T^",  46",  46"  and  19"  r°;  splices  to  be  6"  hook 
scarfs  with  IJ'"  nibs,  nibs  fastened. 

One  Second  Stroke  of  oak,  8'"xl0'",  in  lengths  as  fol- 
lows :  28"  10'°,  46",  and  44"  10'° — scarfs  same  as  in  floor 
strake. 

Two  Web  Strokes  of  oak  or  white  pine,  6'°xl2'°,  in 
lengths  as  follows:  Ist,  46",  46"  and  30";  2d,  22",  46", 
46"  and  14" — scarfs,  6"  hook  witli  2i"  nibs,  nibs  fastened. 

One  Planksheer  of  oak,  6'°xl2'°,  laid  flat,  in  lengths  as 
follows  :  38",  46"  and  88" ;  hook  scarfs,  same  as  for  web 
strakes,  each  bolted  horizontally  with  four  S'°  rivets. 
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Drift  Bolts  are  to  be  of  f '■  roand  iron,  driven  as  fol- 
lows :  From  below  and  3"  apart,  in  lengths  of  83" ;  and 
from  top,  2"  apart,  in  lengths  of  36" — all  as  shown. 

All  Alices  are  designed  to  be  between  panel  poiot-s. 
The  splices  of  the  upjrer  web  strake,  beneath  the  plank- 
sheer,  are  to  be  reinforced  by  an  oak  plank,  3'°xl2" — 9", 
well  riveted  and  spiked  to  gunwale,  drift  bolted  with  I" 
ronnd  bolts  from  top  of  planksheer,  and  provided  with 
table  block,  I  i"  thick,  near  each  end.  The  splices  of 
planksheer  are  to  be  reinforced  beneath  by  an  oak 
stick,  e^xe'" — 9",  well  bolted  to  both  planksheer  and 
upper  web  strake  with  t"  rivets,  and  provided  with  table 
block  near  each  end,  IJ"  thick  and  12"  long,  fall  width 
under  planksheer. 

A  MUing  Piece  of  oak,  3"  thick  and  18"  deep,  is  to 
be  fitted  down  against  grab  strake  at  each  rake  and 
well  spiked  to  gunwale. 

All  gunwale  seaTns  are  to  be  outgauged  4"  on  a  depth 
of  2". 

A  Top  Timber  of  oak,  6"  x  8",  flat  to  gunwale,  is  to  ex- 
tend from  grub  strake  to  planksheer,  in  the  middle  of 
each  panel,  and  is  to  be  bolted  to  each  strake  with  two 
i'°  rivets. 

A  Main  Top  Timber  of  oak,  to  act  as  a  fender  stanch- 
ion and  a  back  support  of  the  platform  as  well,  is  to  be 
placed  at  each  cross-bearer  or  panel  point.  Each  timber 
is  to  consist  of  a  6'°x6"  oak  stick,  filled  in  beneath 
planksheer  and  out  flush  with  gunwale  above  with  ft" 
oak  blocks ;  it  is  to  incline  15"  inside  and  extend  from 
cross-bearer  to  under  side  of  platform  planksheer,  30" 
above  gunwale.  The  6"x  6"  stick  Is  to  be  tenoned  to  fit 
mortise,  3"'x6" — 4",  In  cross-bearer  and  pinned,  and  ten- 
oned at  the  top,  2"x  6",  into  mortise  of  platform  plank- 
sheer. 


jdbyGooglc 


The  Main  Top  T^Tnber  Is  to  be  secured  as  follows :  It 
is  to  be  bolted  at  foot  with  one  §"  screw  bolt  throngh 
gnnwale,  head  flash  ootBide,  nut  on  angle  strap  inside — 
aaid  strap  to  be  i"x3".  with  1'"  nib,  and  to  be  bolted  to 
cross-bearer  as  before  described ;  it  is  to  be  bolted  with 
two  $'°  screw  bolts  at  middle,  one  throngh  planksheer 
and  one  through  gunwale  3'°  below  planksheer,  nuts  in> 
side  and  heads  counter-snnk  in  ontside  strap ;  it  is  to 
l>e  bolted  near  top  with  one  I"  screw  bolt,  head 
connter-snok  in  strap  ontside  and  nut  on  strap 
draw  bolt  inside.  The  strap  draw  bolt  is  to  be  f  "x  2i" 
with  ¥'  nib  and  drawn  to  J"  bolt,  not  to  screw 
down  on  ontside  strap  on  top  of  platform  plank- 
sheer. A  I"  draw  bolt,  10"  long,  is  to  be  placed  through 
strap  near  oater  edge.  The  timber  is  also  to  be  riveted 
with  two  rivets  below  planksheer  and  two  above.  The 
outside  siTap  IB  tobe|"x2J'",  44'°  long  on  face  with  §  nib 
and  let  in  flush,  and  10'°  long  on  top  of  platform  plank- 
sheer, and  provided  with  holes  for  the  bolts  and  rivets 
already  described. 

Kebl  and  Kelson  {Oak). 

The  keel  and  kelson  together  constitute  the  lower  chord 
of  the  truss. 

The  keel  is  to  be  6"xl2'°,  notched  up  3"  on  to  floors 
and  cross- bearers  ;  it  is  to  be  in  lengths  of  25"  3'°,  46"  and 
41"  3",  with  plain  scarfs,  6"  long  and  3'°  nibs,  each  bolted 
hoilzontallj  with  three  |'°  rivets,  and  nibs  fastened. 

The  kelson  is  to  be  10"x  12",  notched  4"  over  floors  and 
lower  piece  of  cross-bearer  and  notched  1"  under  upper 
piece  of  cross- bearer,  leaving  a  net  section  of  6"x  12'° ; 
it  is  to  be  in  lengths  of  42"  6",  46"  and  26"  5",  with  plain 
scarfs,  6"  long  and  3"  nibs,  each  bolted  horizontally  with 
three  §'°  rivets,  and  nibs  fastened. 
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The  kelson  and  keel  are  to  be  bolted  together  with  f " 
round  bolts,  driven  from  below  aod  riveted,  one  on  each 
side  of  each  floor  and  cross-bearer  alternately  oil  oppo- 
site edges ;  two  8'°x  f '■  spikes  are  to  be  driven  throagli 
the  keel  into  each  floor. 

The  kelson  is  to  be  completed  up  rake  by  an  oak 
piece,  IS'-x  14'°,  the  two  upper  floor  spaces  filled  in  with 
chocks,  and  the  keel  carried  up  with  a  3"  plank,  all  well 
spiked  and  riveted  in  the  same  manner  as  amidships,  sub- 
stantially as  shown. 

Binding  Stkakkb  {Oak). 

There  are  to  be  three  binding  strakes  on  top  of  floors, 
each  7"x8" — 108"  10",  one  8"  from  center  line  on  high 
side,  one  6"  7"  and  one  12"  ll"  from  center  line  on  low 
side,  all  slit  and  bent  up  rakes  as  shown ;  they  are  to  be 
notched  1"  on  top  through  crosB-bearers  and  fastened 
thereto  as  elsewhere  described,  and  fastened  to  each 
floor  with  one  |"  round  bolt,  driven  from  below  through 
bottom  and  riveted  ;  the  timber  is  to  be  of  good  length 
and  all  splices  well  shifted. 

Floob  Timbers  (OoA). 

The  floors  are  to  be  3"x  7",  spaced  18"  centers  between 
panel  points  or  at  uniform  intervals  of  15"  in  the  clpar; 
the  floors  up  each  rake  are  to  be  at  eq^ual  intervals  of 
about  11'°  in  the  clear,  measured  on  lower  edges ;  they 
are  to  be  jogged  down  2"  on  grub  strake  and  boxed  into 
floor  strake  full  thickness.  5'"  on  and  5'°  up,  and  fastened 
withai'°  round  drift  bolt,  18"  long,  driven  inclined  from 
below  through  grub  strake  as  shown,  and  a  9"s  |"  spike 
at  edge  of  grub  strake. 

The  grub  strake  is  to  be  spiked  to  floor  strake  with 
one  10'°xf"  spike  opposite  the  ends  of  floors,  and  at 
least  one  in  each  apace  between  floors. 
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Tbe  floors  are  to  be  fastened  to  binding  strakes  and  to 
the  keel  and  kelson  as  already  specified. 

IdTiibers,  J"x  3'°,  are  to  be  cut  under  each  floor,  near 
grab  strake  and  fnttock,  in  position  to  avoid  bottom 


liow  Side  ob  Qokwalb. 

The  low  side  or  gunwale  is  to  consist  of  a  carved 
knuckle,  18"  radius,  a  gunwale  timber,  a  curved  deck 
and  a  fore  and  aft  piece  carried  on  cross-bearer  blocks. 

The  Fuitocks  are  to  be  of  oak,  3"  thick,  at  an  angle  of 
45  deg.,  bolted  to  the  floor  ends  with  two  bolts  to  each 
futtock  and  spiked  to  filler  futtocks  ;  there  is  to  be  a 
futtock  on  each  side  of  cross-bearer,  spiked  thereto. 
The  futtocks  are  to  butt  against  the  top  gunwale  timber. 

Drift  BoUs,  f "  round — 27"  long,  are  to  be  driven  in- 
clined from  top  of  gunwale  timber,  as  shown,  one .  down 
through  each  filler  futtock  and  floor  end,  and  two 
through  each  cross-bearer  end. 

The  Bilge  Kelson  is  to  be  of  oak,  3"x  18",  beveled  to 
gunwale,  and  jogged  over  floors  and  spiked  thereto;  It 
is  to  be  notched  top  and  bottom  through  cross-bearera, 
as  shown.  It  la  to  be  in  good  lengths  with  scarfs  over 
four  floors. 

The  Knuckle  is  to  be  made  up  of  five  strakea,  of 
4"x  6"  oak  plank,  in  lengths  of  not  less  than  40",  except 
to  complete  a  atrake ;  all  butta  are  to  be  made  on  ends  of 
cross-bearers,  only  one  butt  to  each  crosa-bearer.  The 
top  atrake  is  to  be  drift-bolted  with  J"  roand  bolts,  10" 
long,  to  the  gunwale  timber  In  each  floor  space.  Each 
atrake  is  to  be  bolted  tlirough  futtock  and  kelson  at  each 
futtock  with  one  i"  rivet  on  edge  of  strake,  and  spiked 
with  one  8"x|'°  spike  on  opposite  edge,  bolts  and  spikes 
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to  alternate  on  opposite  edges.  The  knuckle  is  to  be 
moulded  at  the  rake  out  to  a  horizontal  line  on  the 
head-piece. 

The  Ounwale  Timber  is  to  be  of  oak,  8"  thick,  10" 
deep  outside  and  beveled  to  deck ;  it  is  to  curve  over 
rake  to  the  top  of  the  head-piece  at  its  face  ;  the  curved 
pieces  are  to  be  14"  3"  long,  and  th«  balance  of  the  tim- 
ber is  to  be  in  not  over  three  lengths ;  the  splices  are  to  be 
6"  hook  scarfs  each  bolted  with  not  less  than  four  f" 
bolts.  The  gunwale  timber  is  to  be  secured  to  the  end 
of  each  cross-bearer  with  one  %"  draw  bolt,  2"  long,  head 
flush  outside. 

The  F(yre  and  Aft  Piece  is  to  be  of  oak,  10"  thick,  12" 
deep  at  inside  edge  and  beveled  to  deck,  placed  14^" 
clear  above  cross-bearer,  or  38i"  above  bottom,  and  in- 
ner face  3"  6''  ^om  face  of  gunwale.  It  is  to  be  snp- 
porled  on  oak  cross-bearer  blocks,  6"  thick,  34"  long  and 
21"  greatest  width,  in  form  as  shown  ;  it  is  to  be  107"  6" 
long:  in  three  lengths  of  36"  9'%  46"  and  36"  9";  the 
splices  are  to  be  6"  hook  scarfs,  reinforced  by  an  oak 
cover,  4'"xl0" — 9%  with  one  14"  table  block  at  each  end, 
and  bolted  with  not  less  than  six  |"  rivets  through  tim- 
ber and  cover. 

An  inch  screw  bolt  la  to  pass  down  through  fore  and  aft 
piece  cross-bearer  block,  cross-bearer  and  binding  strake 
at  each  panel  point,  unt  flushed  on  top  and  head  under 
cross-bearer.  A  3"  round  drift  bolt,  '6"  long,  is  to  be 
driven  inclined  through  front  end  of  block  into  cross- 
bearer  as  shown.  Alongside  of  each  block,  a  t"  screw 
bolt  is  to  tie  the  gunwale  to  the  fore  and  aft  piece,  head, 
flush  outside. 

The  Cwrted  Deck  is  to  be  of  oak,  seasoned  or  split 
heart  plank,  in  six  strakes,  S^x  6",  dressed  to  a  thickness ; 
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the  lengths  are  to  be  not  leas  than  32",  except  to  complete 
a  sCrake,  and  all  butts  are  to  be  on  cross-bearer  blocks, 
not  over  two  butts  to  any  one  block ;  the  ends  over  rakes 
are  to  be  moulded  to  a  horizontal  line  at  head-pieces. 
It  is  to  be  supported  between  blocks  by  abort  3'"x  6" 
oak  beams,  three  to  each  panel  and  four  over  each  rake, 
curved  to  shape,  and  secured  at  each  end  by  one  10'" 
spike.  Each  plank  is  to  be  spiked  at  each  point  of  sap- 
port  with  two  6"x  7^'°  spikes  and  three  spikes  in  each 
butt,  the  two  lower  strakes  to  be  well  spiked  to  gnnwale. 

One  Stanchion,  of  4"'x  4"  oak  is  to  be  placed  in  the  mid- 
dle of  each  panel  and  well  secured  to  binding  strake 
and  fore  and  aft  piece. 

AH  Seams  are  to  be  outgauged  i"  on  a  depth  of  2". 

Flooe  Bbaoes  {OaJc). 

The  floor  braces  are  to  be  S'-x  10"",  placed  on  top  of 
floor  in  np-stream  compartment,  in  position  as  shown  ; 
they  are  to  butt  against  main  and  bilge  kelsons,  halve 
together  through  crof'S-bearers,  and  notch  5'"  under  bind- 
ing strakes ;  they  are  to  be  well  spiked  to  each  floor  and 
cross- bearer. 

Bottom  {Oak). 

The  bottom  planks  are  to  be  8"  thick  and  in  lengths 
of  not  less  than  32",  except  to  complete  a  strake ;  all 
butts  are  to  be  on  cross-bearers,  well  shifted,  each  butt 
bolted  with  one  bolt ;  the  rake  plank  are  to  be  slit  to 
light  water  to  widths  of  not  over  6",  and  all  seams  are 
to  be  outgauged  i". 

The  bottom  is  to  be  fastened  with  6"x^'°  cut  boat 
Bpikes,  driven  two  to  eacli  floor  and  three  to  each  butt 
in  plank  less  than  14'°  wide,  and  three  to  each  floor  and 
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four  to  each  batt  in  widtba  greater  than  14'*.  Flanks 
are  to  be  donble-Bpiked  to  cross-bearera  and  back  stick 
of  head-piece. 

Head-Pieoe  {Oak). 

The  head- piece  is  to  have  12'"  face,  top  4"  above  bol  torn 
of  boat,  and  is  to  be  made  of  iwo  pieces,  each  10'°  thick. 

The  back  piece  is  to  have  two  tenons,  fall  width  of 
stick,  S"  wide  and  2"  long,  to  fit  mortises  in  high  gun- 
wale, and  is  to  be  secured  thereto  by  two  f '"  draw  bolts, 
2"  long,  heads  flush  outside  ;  two  3'°  round  bolts  are  to 
be  driven  from  below  through  grub  strake,  end  of  head- 
piece and  planksheer,  and  riveted  on  top.  The  other  end 
ia  to  be  secured  to  gunwale  timber  by  one  similar  tenon 
and  two  draw  bolts. 

The  bottora,  knuckle  and  curved  deck  planks  are  to 
run  acrosa  the  back  piece  and  double  spike  thereto. 

The  fore  and  aft  piece  is  to  be  tabled  and  blocked  to 
the  binding  strake  beneath  and  bolted  with  two  f"  bolts, 
driven  from  below  through  bottom  and  floors,  and 
riveted  on  top  ;  a  3'°  screw  bolt  is  to  be  put  through  the 
head-piece  and  timber  ends — all  as  shown. 

The  other  two  binding  strakes  are  to  be  boxed  into 
square  ends  and  each  secured  with  one  f"  screw  bolt 
through  head-piece  and  bottom. 

The  kelson  block  is  to  be  bolted  with  two  3'"  screw 
bolts  down  through  head-piece  and  bottom,  and  one  3" 
draw  bolt,  2"  long,  from  face  of  back  head-piece. 

The  front  stick  of  head-piece  is  to  have  two  3'"  tenons 
through  high  gunwale,  and  is  to  be  drift  bolted  on  each 
side  of  comer  with  two  f"  round  bolts,  24'°  long,  and 
bolted  from  below  with  two  3'°  bolts  riveted  on  top  of 


jdbyGooglc 


planksheer ;  the  other  end  is  to  have  one  similar  inclined 
tenon  throngh  gnnwale  timber,  aad  one  drift  bolt  from 
face  and  two  through  gunwale  timber.  The  lower  edge 
is  to  be  rabbeted  to  receive  knackle  and  bottom  planks 
and  grab  strake,  fall  thickness,  and  on  to  a  line  6'^  from 
face,  measured  along  lower  edge  of  bevel ;  the  top  is  to 
be  rabbeted  4"  on  to  receive  curved  deck. 

The  Corner  Straps  are  to  be  4"x  I'",  two  on  each  cor- 
ner; they  are  to  be  turned  down  to  1"  nibs  at  ends,  and 
are  to  be  30"  long  on  head-piece  and  40"  long  on  sides  ; 
each  strap  is  to  have  one  3'°  screw  bolt  at  end  through 
head-piece,  and  three  f'  drift  bolts,18'°  long,  into  head- 
piece ;  and,  on  side,  two  similar  drift  bolts  into  head- 
piece and  two  screw  bolts  through  gunwale;  the  straps 
are  to  be  let  in  flush,  all  heads  countersunk.  The  straps 
on  curved  gunwale  are  to  be  bent  to  proper  shape. 

EowE  Truss  {Seasoned  Oak). 

The  truss  is  to  be  placed  longitudinal  ly  on  the  center 
line.  The  lower  chord  has  been  described  under  the  head 
of  Kebl  and  Kelson.  The  upper  chord  is  to  be  5"  6'" 
in  the  clear  above  the  kelson  and  8"  over  all  above  hot- 
tom,  and  the  panel  points  of  the  truss  are  to  be  8"  apart. 

The  Upper  CTiord  is  to  be  98"  long,  top  curved  as 
shown,  with  a  greatest  depth  of  14"  and  made  up  of  iive 
strakes,  each  2i"  thick.  The  timber  is  to  be  in  40" 
lengths,  except  to  complete  a  strake,  with  all  butts  mid- 
way between  panel  points  as  shown,  each  bntt  to  be 
tabled  for  3'"  table  block  ;  the  strakes  are  to  be  bolted 
together  with  ten  i'°  rivets  to  each  panel,  as  shown. 

The  Brace  Blocks  are  to  be  9"  face,  and  are  to  be  16"" 
long  at  top  and  6'°  deep,  ap|jroximately ;  they  are  to  be 
let  into  the  under  side  of  the  chord  J",  the  grain  to  ma 
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with  the  chord.  The  brace  hlockg  at  bottom  are  to  be 
triangular  and  13'°  long,  placed  in  the  angles  between  kel- 
son and  cross-bearers. 

The  Braces  are  to  be,  one,  5''x8''',  inclined  toward  the 
center,  and  two,  3"x6^,  inclined  toward  the  ends,  to  each 
panel ;  they  are  to  be  notched  together  i"  at  intersection 
and  bolted  with  one  $'° — 0"  screw  bolt ;  the  ends  are  to  batt 
square  on  the  brace  blocks. 

The  7ViM«  Rods  are  to  be  li'°  diameter, two  at  each  panel 
point,  extending  from  nnder  side  of  cross-bearer,  oatside 
kelson  and  16"  apart,  to  top  of  chord  and  6"  apart.  The 
bolt  at  bottom  is  to  be  forged  square  beneath  head  and 
is  to  be  provided  wi  th  a  washer  of  not  less  than  16  sqaare 
inches  area  ;  the  bolt  at  top  is  to  be  the  same,  the  two 
heads  to  be  on  strap  washer,  4''x  J'° — 9'',  all  flush  with  top 
of  chord  ;  the  rods  are  to  be  screwed  home  with  double 
cut  sleeve  nuts  at  the  middle. 

The  Snd  Posts  are  to  be  ff'xS",  placed  as  shown,  with 
the  same  truss  rods  as  amidships. 

The  Bake  Brace  is  to  be  fl^'xe'",  placed  as  shown.  The 
Ba3ce  ?1m  is  to  be  li'",  on  top  of  brace,  head  on  washer 
flash  in  top  of  chord,  and  nut  on  washer  flush  on  under- 
side of  head-piece. 

Dbok  iJ>iy  IHne). 

A  Beck,  98"  long,  is  to  extend  beneath  the  ways  from 
chord  to  fore  and  aft  piece  ;  it  is  to  be  laid  fore  and  aft 
with  1  J'"  by  not  over  6"  dry  white  or  yellow  pine,  dressed 
to  a  thickness  and  seams  outgauged  4"  ;  the  decking  is 
to  be  in  lengths  of  not  less  than  20",  except  to  complete 
a  strake,  and  butts  are  to  be  well  shifted ;  it  is  to  be 
spiked  with  12d  cut  nails,  two  in  each  strake  to  each 
beam  and  three  in  each  butt. 
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The  Beams  supporting  deck  are  to  be  of  oak,  2"  cen- 
ters, 3"x4'"  beneath  ways  and  2"x4'",  intermediate ;  the 
lower  ends  are  to  be  boxed  iDto  fore  and  aft  piece,  foil 
size  and  2"  on,  and  each  secnred  with  one  10"xi"  spike 
driven  inclined,  as  shown.  The  fore  and  aft  piece  is  to 
be  rabbeted  2"  on,  and  edge  of  deck  well  spiked  thereon. 
The  beams  at  upper  end  are  to  be  jogged  1"  and  let  in, 
flush  at  top,  into  a  2J"'x8"'  oak  piece,  well  spiked  to  the 
face  of  the  chord  and  brace  blocks ;  the  end  of  each 
beam  is  to  be  secured  with  one  6"  spike.  The  top  of 
the  2i'"x8"  plank  is  to  be  beveled  wid  edge  of  deck  well 
spiked  thereto. 

One  Stanchion  of  oak,  3'"x4'°,  is  to  be  placed  under 
each  3"x4'*  beam,  heeled  on  crosa-bearer  or  binding 
strake  and  well  secured. 

The  chord  and  plankaheer  are  to  be  tied  together  with 
a  1"  rod  at  each  panel  point,  on  the  side  toward  the  mid- 
din  of  the  boat  from  the  end ;  the  nut  to  be  on  the  lower 
end  and  the  head  to  be  flash  with  filling  piece  on  back 
of  chord. 

Wats  {Seasoned  Oak). 

The  ways  are  to  be  3'"x8"  on  edge,  4"  centers,  one  at 
each  panel  point  and  one  intermediate ;  they  are  to  be 
flush  with  top  of  chord  at  upper  end,  and  are  to  be 
curved  over  carved  deck  and  carried  to  front  edge  of 
boat  as  shown. 

Each  way  is  to  he  Bolted  to  chord  at  top  with  one  i'"— 
12""  drift  bolt,  to  deck  beam  with  four  i'"  screw  bolts,  to 
fore  and  aft  piece  with  one  and  to  curved  deck  beams 
with  two  bolts,  heads  flush  on  top,  all  as  shown. 

The  top  of  each  way  is  to  be  quarter  rounded  and  con- 
ered  with  a  continnous  strip  of  hand  iron,  i"x3^'°,  shaped 
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to  way  and  secured  by  IJ"  Bcrews,  No.  8,  conntersunk, 
3'°  apart,  but  alternately  on  opposite  edges  ;  the  ends  are 
to  be  left  flat,  4'"  on  the  chord  and  fastened  with  five 
Si'"  screws,  and  T'  on  face  of  gnnwale  and  similarly 
fastened. 

The  chord  is  to  be  backed  by  a  filling  piece  and  the 
whole  dressed  to  the  shape  shown  and  covered  vdth 
sheet  iron,  4'°  thick  and  24"  wide,  in  lengths  so  as  to 
bring  joints  between  ways  and  one  foot  therefrom,  one 
joint  in  each  panel  of  8^  The  sheets  are  to  be  fastened 
with  li'°  screws,  No.  8,  countersunk,  6"  apart  at  edges 
and  3"  apart  at  ends;  each  joint  ia  to  be  bedded  on  a 
strip  of  muslin,  white  leaded. 

Everything  under  this  head  is  to  be  specially  well 
done. 

Platfobm. 

The  platform  is  to  be  98"  long  and  15"  2'"  wide  over  all ; 
it  is  to  be  7"  9J"  above  bottom  at  back  edge,  rising  6"  to 
front  edge  ;  it  is  to  be  supported  by  the  main  top  timbers, 
and  by  a  line  of  supports,  6"  3'°  from  front  edge. 

The  Under  I'laTiksheer  on  top  of  main  top  timbers  is 
to  be  of  oak,  3"xl2'°,  secured  as  already  specified;  it  is 
to  be  in  three  lengths  with  plain  scarfs  between  panel 
points,  each  scarf  bolted  horizontally  with  three  J'"  rivets, 
and  reinforced  beneath  by  a  plank,  2"xl2'" — 7"  6",  well 
riveted.  The  back  guard  Hm  is  to  be  of  oak,  4'°x5", 
scarfed  and  well  riveted  to  under  planksheer. 

The  platform  Beams  are  to  bo  of  pine,  2J'°x6"' — 14"  8'", 
2"  centers,  placed  as  shown;  they  are  to  diminish,  on  a 
length  of  5i",  to  a  depth  of  4"  at  the  inner  ends ;  they  are 
to  be  jogged  down  1'°  over  planksheer  and  each  bolted 
thereto  with  two  f '°  rivets,  and  each  is  to  be  bolted  to  the 
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stanchion  atringer,  6"  3"  from  inner  edge,with  one  I'"  rivet. 
The  UTider  pUmksTieeT  at  inner  edge  is  to  be  l"x6"  oak, 
J  ogged  op  flash  with  hottom  of  beams  and  nailed  thereto. 
The  guard  rim  is  to  be  2"x4"  nailed  to  ends  of  beams 
and  to  ander  planksheer. 

The  8ta7ichion  Stringer  is  to  be  of  pine,  4'"x7'°,  center 
6"  3"  from  inner  edge ;  it  is  to  be  scarfed  orer  stanchions 
and  each  scarf  bolted  with  not  less  than  three  rirets  and 
reinforced  with  2'°  plank.  A  stringer  guard,  ^\x.&',  scarfed 
over  three  beams,  is  to  be  spiked  to  the  nnderside  of  the 


The  FoTwa/rd  Supports  or  braces  of  platform  are  to  be 
oak,  4"x5'°,  in  pairs  at  the  panel  points ;  they  are  to  jog 
2"  on  top  of  and  scarf  to  aide  of  cross- bearers,  and  heel 
on  top  of  binding  strake  as  shown,  each  pair  to  be  riveted 
through  with  one  J"  rivet;  the  tops  of  the  pair  are  to 
diverge  as  shown,  each  to  jog  3"  under  string-piece  and 
bolt  thereto  with  one  bolt. 

The  platform  is  to  be  laid  with  Ij"  dry  pine,  the  same 
as  the  ways  deck. 

A  Stanchion  of  oak,  4"x4" — 30'",  is  to  be  placed  in  the 
middle  of  each  panel,  from  top  of  ganwale  planksheer  to 
nnder  planksheer  of  platform  and  in  middle  of  same,  and 
well  secured. 

Bake  Dboks. 

The  rakes  are  to  be  decked  over  7"  back  from  face  of 
head-piece,  except  a  length  of  7"  2"  next  to  truss. 

The  decking  Ig  to  be  dry  pine,  2"  by  not  over  6",  laid 
parallel  to  head-piece,  seams  ontgauged  i"  strong,  and 
spiked  down  with  20d  cut  nails.  It  is  to  be  supported 
by  3"x6'"  oak  beams,  18'"  centers,  boxed  in  head-piere 
and  in  4"xl0'*  oak  beam  bearer  as  shown,  and  each 


jdbyGooglc 


18 

end  bolted  with  one  9"  bolt.  The  beam  bearer  of  short 
deck  is  to  be  jogged  1"  and  spiked  to  main  top  timber, 
and  supported  at  other  efid  by  a  6'°xlO"  oak  atanchioD. 
halved  to  beam  bearer  and  cross-bearer  as  shown  and 
well  secured.  The  beam  bearer  of  long  deck  is  to  be 
jogged  2'°  on  tmsa  post,  and  sapported  by  two  e'-xO" 
stanchions  similar  to  that  already  described. 

The  short  deck  is  to  be  onderplanked  with  oak,  3" 
wide,  and  the  long  deck  is  to  be  underplanked  for  a 
width  of  20". 

The  Capstan  Bed  is  to  be  of  oak,  jogged  2"  down  on 
beams  and  chocked  to  under  plank.  The  whole  is  to 
be  well  fastened  and  sabstantial  against  capstan  and 
cavil  strains. 

Floor  {I^ne). 

The  space  between  kelson  and  high  gunwale  is  to 
be  floored  over  with  removable  sections,  resting  on  tke 
floor  timbers,  and  on  l"x3"  oak  strips  nailed  to  the 
side  of  the  cross-bearers.  In  each  panel  there  are  to 
be  four  sections,  two  on  inside  of  binding  strake,  3"  6" 
x7"  3",  and  two  on  outside  of  binding  strake,  3"  4"x 
7"  3". 

The  Sections  are  to  be  made  of  5"  matched  stafl!", 
clinch-nailed  to  three  V'x&'  battens,  one  in  the  middle 
and  one  near  each  end,  so  placed  that  the  battens  will 
lie  between  floors. 

Calking. 

The  bottom,  rakes,  sides  and  curved  deck  are  to  be 
calked  with  one  thread  of  cotton  and  two  of  best  navy 
oakum,  well  tucked,  so  as  to  fill  the  seams,  and  made 
hard.    The  end  decks,  ways  deck  and  platform  are  to 
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be  calked  with  two  threads  of  cotton,  well  tucked,  so 
&B  to  fill  the  seams,  and  made  hard.  All  calked  seame 
are  to  be  well  pajed  with  white  lead. 

MlSOELLAITEOUS. 

All  wood  work  above  li^ht  water,  exposed  to  the 
weather,  except  decks,  is  to  be  dressed  and  painted 
with  two  coats  of  "  Elliott  Asphaltum  Paint,"  No.  16. 

All  screw  bolts  are  to  have  wasTiers  on  each  end  of 
a  diameter  not  less  than  three  times  the  diameter  of  bolt ; 
if  square  washers  are  used  they  are  to  have  an  equiva- 
lent area. 

All  fastenings  are  to  avoid  seams. 

Fenders  of  oak,4"xl0" — 64",  comers  and  ends  rounded, 
are  to  be  spiked  on  at  each  main  top  timber,  top  of 
stanchion  flash  with  platform. 

Such  OavUs  as  may  be  serviceable  in  towing  to  des- 
tination are  to  be  provided. 


jdbyGooglc 


,db,Googlc 


SPECIFICATIONS 


—FOB  TB»— 


CONSTRUCTION 


BRUSH  AND  STONE  BARGES 


—JOB  TBB— 


Missouri  River  Improvement, 

UNDIR  TBE   DIRECTION   OP 

Major  chas.  r.  suter. 

CORPS    OF    EHGIHEERS,    U.    3.    A., 

No.  1351  Washington  Avenue, 

ST.  LOUISi  MO. 


Z)«Mmb«r  22nd,  2882. 


DigiLizedbyGoOglc 


,db,Googlc 


SPECIFICATIONS 


BRUSH  AND  STONE  BARGE. 


SPECIFICATIONS  No.  1  A. 


Thia  is  to  l)e  a  decked  gonwale  targe,  100"  long,  25" 
beam,  and  6"  4*°  deep  at  gnnwale,  with  a  crown  of 
3^'°  -,  the  rake  at  each  end  is  to  be  curved  and  14''  long 
from  face  of  head-piece,  and  the  sheer  is  to  be  12'" ; 
there  is  to  be  a  longitudinal  bulkhead  along  the  center 
line  and  a  cross -bnlkhead  at  the  foot  of  each  rake  ;  the 
bottom  and  deck  are  to  be  planked  fore  and  aft,  and  the 
deck  is  to  be  sheathed  with  pine  boards  laid  athwart- 
ships. 

The  lumber  is  to  be  oak,  white  pine,  aonthern  yellow 
pine  and  yellow  poplar,  as  may  be  specified,  all  of  which 
mast  be  sonnd,  withont  loose  or  rotten  knots,  square 
edged  and  fall  cornered,  and  the  yellow  pine  especially 
free  of  sap. 

The  barge  is  to  be  built  as  set  forth  in  these  specifica- 
tions, and  as  shown  in  the  accompanying  drawings. 
All  material  mast  be  of  good  quality,  and  the  work 
must  be  done  in  a  thorough  and  workmanlike  manner, 
and  Co  the  satisfaction  of  the  SaperinEendent. 


jdbyGooglc 


Gunwales. 

Eacli  gunwale  is  to  be  6**  i^"  deep  over  all  and  made 
up  as  follows : 

One  Orub  Stroke  of  oak,  4'''x  12",  laid  flat  and  bent 
np  the  rake,  as  shown  in  drawing,  in  three  lengths  with 
plain  scarfs,  3'"  nibs,  extending  over  fonr  floors. 

One  Moor   Strake    of   oak,  Q"'x  10'",  in    two    equal 
lengths  of  45"  TJ'",  with  6"  hook  scarfs,  2^'"  nibs  and  ■ 
li'"  hook. 

Three  Web  StraJces,  of  white  or  yellow  pine,  each 
12'"x  4 J'",  or  4'"  thick  of  oak,  in  lengths  ^s  follows: — 
1st,  29",  45"  and  29" ;  2d,  40"  3'",  45"  and  21"  8'" ;  and 
3d,  23"  1'",  45"  and  42"  10'" — scarfs  the  same  as  in  floor 
strake. 

One  Beam  Strafe  of  oak,  6"'xl0"',  in  lengths  of 
17"  10'",  40",  29"  3'"  and  31"— scarfs  as  in  floor  strake. 

Two  Slieer  Pieces  of  oak,  each  20"  long  back  of  head 
piece,  or  20"  10'"  including  tenons,  6'"  thick,  12'"  deep 
at  head  piece,  3'°  deep  and  jogged  flash  in  the  beam 
strake  amidships,  and  cnrred  to  the  sheer  line  on  top  as 
shown  in  drawing,  ^ 

One  Planksheer  of  oak,  X'"^  9'">  i"  three  lengths, 
with  joints  well  broke  over  beam  strake,  with  plain 
scarfs,  24'"  nibs  extending  over  four  beams,  and  bolted 
horizontally  with  three  3'"  round  drift  bolts,  riveted,  IJ'" 
from  lower  edge. 

Oak  Table  Blocks,  six  inches  fore  and  aft  of  nibs  of 
planksheer  and  top  gunwale  scarfs,  end  on,  one  inch  thick 
and  8'"  long,  are  to  be  jogged  J'"  in  gunwale  and  plank- 
sheer. 

Two  Filling  Pieces  of  oak,  one  on  each  rake,  extend- 
ing from  beam  strake  to  floor  strake,  11"  long,  li'"  thick 
and  17""  wide  at  middle,  in  position  as  shown  in  draw- 
ing, are  to  be  well  spiked  to  gunwale  with  20d.  cut  naila. 
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All  Chiw^ale  Seams  are  to  be  ovigauged  i'°  on  a  depth 
of  2'". 

Drift  Bolts  are  to  be  of  Sin.  ronnd  iron,  driven  as  fol- 
lows : — From  below  and  two  feet  apart  in  lengths  alter- 
nating 24'"  and  36'";  from  top  edge  of  upper  web  Btrake, 
fonr  feet  apart,  in  lengths  of  32"* ;  and  from  top  gun- 
wale or  beam  atrake,  two  feet  apart,  in  lengths  of  30" 
all  as  shown  in  the  sheer  plan. 

Top-timbers  of  oak,  b"x  6""  with  edge  to  gunwale,  ex- 
tending from  grub  strake  to  planksheer  and  halved  2'° 
on  floor  and/J'"  on  beam,  are  to  be  spaced  6"  apart 
amidships  or  over  each  butting  floor-timber.  The  ex- 
treme ones  are  to  carry  the  cross-bulkheads  and  each 
intermediate  is  to  be  braced  to  kelson  with  a  4"'x  6'"  oak 
or  yellow  pine  brace,  bolted  to  top-timber  with  one  J'" 
ronnd  bolt  16'"  long  and  spiked  to  floor  with  two 
8'°x  f"  spikes ;  *  each  top-timber  is  to  be  fastened  to  gan- 
wale  with  two  |'°  round  bolts,  riveted,  to  each  atrake 
and  well  spiked  to  beam  and  floor. 

Ounwale  timbers  may  he  varied  in  length,  provided 
always  that  the  number  of  aplices  is  not  increased  and 
they  are  equally  well  shiftied.  The  widths  of  the  three 
web  strakes  only  may  be  varied,  provided  the  depth  of 
gunwale  is  not  changed. 

Main  Bulkhead. 

The  main  bulkhead  runs  fore  and  aft,  from  head-piece 
to  head-piece,  and  ia  to  be  made  up  as  follows :  An  oak 
kelson,  5'"x  5'",  jogged  J'"  on  floor  timbers,  slit  to  spring- 
ing line,  2'"  from  top  edge,  and  bent  up  the  rake ;  four 
strakes,  44'"x  10'",  of  white  or  yellow  pine  or  yellow 
poplar,  and  a  top  strake  or  string  piece  of  oak,  5"'x  5'", 
jogged  J'"  on  beams,  and  spiked  to  kelson  at  head-piece. 

All  splices  are  to  be  plain  scarfs,  4'^  long  with  IJ'" 
nibs,  and  well  shifted.  No  timber  less  than  30'*  long  is 
to  be  used  except  to  complete  a  strake. 
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Drift  Bolts  as^  to  be  j'"  round  iron,  driven  as  follows; 
Ac  each  batting  floor  and  alternate,  23'°  long,  from  below 
through  keel  plank,  floor  and  kelson  Into  bulkhead; 
down  through  each  beam,  27*"  long ;  and  from  top  edge 
of  2d,  3d  and  4th  strake  above  kelson,  three  feet  apart  and 
19'°  long.  The  kelson  is  to  be  spiked  to  each  floor  ad- 
jacent to  batting  floors  with  one  8"'xf '"  spike. 

Top-iimhers  of  oak,  5"x4"',  are  to  be  placed  over  the 
foot  of  each  rake,  on  each  side  of  the  balkhead  and  op- 
posite the  gnnwale  top-timbers,  to  carry  the  cross-bulk- 
heads ;  they  are  to  be  fitted,  spiked  and  bolted  through, 
the  same  as  the  gunwale  top-timbers. 

Chocks  or  filling  pieces,  4^"°  thick,  of  white  or  yellow 
pine,  are  to  be  titled  in  beneath  the  kelson  and  between 
floors  and  well  fastened. 

Floor  TiMBEBa  (OaA). 

The  floor  timbers  are  to  be  3'°x6'°,  with  every  4th  or 
batting  floor  4"'x6"',  spaced  18'"  centres  between  cross- 
bulkheads  and  16'"  centres  up  rakes ;  they  are  to  be  jog- 
ged li'"  down  on  grab  strake  and  boxed  into  lower  gnn- 
wale or  floor  strake,  fall  thickness,  8'"  on  and  4^'"  up ; 
they  are  to  be  fastened  at  each  end  with  a  J'"  round  drift 
bolt,  18'"  long,  driven  inclined  from  below  through  gmb 
strake  as  shown,  and  an  8'"xt'"  spike  at  edge  of  grub 
strake. 

The  grab  strake  is  to  be  spiked  to  lower  gunwale  or 
floor  strake  with  one  8"'xS"'  spike,  opposite  the  end  of 
each  floor,  and  one  in  each  space  between  floors. 

The  floors  are  to  be  fastened  to  kelson  and  main  balk- 
head  as  specified  onder  the  head  of  Main  Bulkhead. 

Beams  {Oak). 

The  beams  are  to  be  e'^xS'",  spaced  S**  centres ;  they 
are  to  be  jogged  1'"  under  the  planksheer  and  boxed  into 
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top  gunwale  or  beam  strake  foil  thickneBs,  3'"od  and 
5'°  down ;  they  are  to  be  fastened  at  each  end  with  a 
i'"  round  drift  bolt,  18'"  long,  driven  inclined  through 
plankaheer  as  shown,  and  an  8'"xS'"  spike  at  edge  of 
planksheer. 

The  planksheer  is  to  be  spiked  to  gunwale  or  beam 
strake  with  one  8"'x§"'  spike,  opposite  the  end  of  each 
beam,  and  one  in  each  space  between  beams. 

The  beams  are  to  be  crowned  2^'°  at  centre  and  secured 
to  main  bulkhead  m  specified  xmder  head  otMain  Bulk- 
Tiead. 

Stbikgbim  ( 0<ik). 

There  are  to  be  two  binding  strakes,  4"'x5"'  on  edge 
over  floors  on  each  side  of  main  bulkhead ;  they  are  to 
be  elit  to  springing  line,  2'"  from  top  edge,  bent  up  rake 
and  boxed  into  head-piece  as  shown*,  they  are  to  be  in 
lengths  of  not  less  than  30",  with  plain  scarfs  over  three 
floors,  and  are  to  be  fastened  to  each  floor  with  §'°  round 
bolts  driven  from  below  and  riveted. 

There  la  to  be  a  deck  stringer  over  each  binding  strake, 
3"'x4"'  on  edge,  in  lengths  not  less  than  SO^*,  with  plain 
scarfs  over  three  beams,  spiked  to  each  beam  with 
one  S"'x§'"  spike,  and  spiked  to  binding  strake  at  head- 
piece with  two  spikes. 

Stanchiohs  {PiTie  or  Yellow  Poplar). 

The  stanchions  are  to  be  4'"x4"'  and  4"  apart,  placed 
a^acent  to  alternate  beams  and  halved  to  binding 
strakes  and  deck  stringers,  and  spiked  thereto.  They 
are  to  be  alternately  on  opposite  sides  of  the  string  piece, 
and  are  to  alternate  in  position  with  those  on  the  a^a- 
cent  string  piece. 

Cboss-Bulkheadb  (Dry  Pine). 

A  cross-bulkhead  is  to  be  placed  at  the  foot  of  each 
rake,  extending  from  floor  timber  to  beam,  and  aup- 
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ported  hy  the  gnnwale  and  main  'balkhead  top^tdmbeTs 
and  by  five  oak  or  yellow  pine  staachioDS  on  each  side 
of  m^n  bulkhead,  those  over  binding  strakes  to  be 
4'"x6*'',  and  intermediates  4"'z4",  all  fitted  to  flour  and 
beam  and  well  spiked. 

The  bolkhead  ia  to  be  of  2'°  by  not  over  6'°  plank  with 
seams  outganged  1'°  for  calking,  fastened  with  20*  cat 
naUB,  two  to  each  stanchion  and  three  to  each  bntt  in 
each  plank. 

Hbad-Piece,  Etc. 

The  head-piece  is  to  be  of  oak  worked  out  from  a  piece 
10"'x27'''— 25".  It  is  to  be  crowned  2i"  at  middle  and 
beveled  top  and  bottom  fair  with  deck  and  rake.  It  ia 
to  be  rabbeted  3"'x3'"'  to  receive  deck  and  jogged  across 
ends  6'"  wide  and  4'"  down  for  plankaheer,  and  rabbeted 
7'°  on,  measnred  along  bottom  of  rabbet,  and  2)'°  up  to 
receive  bottom  and  jogged  across  ends  6'°  wide  and  4'°  up 
to  receive  grab  atrake.  The  binding  strakes  and  kelson 
are  to  be  boxed  into  square  ends  and,  together  with 
grub  strake  and  planksheer,  securely  fastened.  The 
ends  are  to  be  mortised  to  receive  two  3"  gunwale  tenons, 
and  the  corners  on  each  side  bolted  with  two  |'"  round 
drift  bolts,  20'°  long. 

Knees  or  comer  pieces  of  oak,  10'"  thick  and  2"  on 
angles,  are  to  be  fitted  in  each  comer  flush  with  bottom 
of  deck. 

Oomer  Straps  of  iron,  5'''x|"',  30'"  long  on  head-piece 
and  3"  on  gunwale,  are  to  be  let  in  flush,  one  on  each 
comer.  These  straps  are  to  have  1'"  hooks,  and  are  to 
be  secured  with  one  3'°  round  screw  bolt  at  each  end 
and  drift  bolted  on  front  with  three  f '"  round  belts,  one 
16'°  long,  one  20"*  and  one  12'"  driven  through  head-piece, 
and  three  side  bolts,  one  12'°  long,  one  16'°  and  one  12"' — 
all  well  shifted  vertically  and  all  heads  flush  with  strap, 
substantially  aa  shown  in  drawing. 
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A  Nosing  of  oak,  3'''x24*"— 25",  is  to  be  fitted  fair  to 
&CO  of  head-piece,  comers  rounded,  and  spiied  on  with 
6"  spikes. 

TlHBltB-HBADB  {Oc^). 

The  timber-heads  are  to  be  eight  in  nnmber,  placed  in 
pairs,  12'"  apart,  with  center  of  pair  fl"  6'"  Irom  face  of 
head-piece ;  they  are  to  be  8"'xl3'",  extending  from  rake 
to  IS'"  above  deck  and  are  to  be  let  into  planksbeer  8'°, 
and  the  gunwale  filled  ont  with  a  li'"  oak  plank  to  give 
a  full  bearing ;  they  are  to  be  secured  to  gunwale  with 
five  I"  square  screw  bolts  on  flat  washers,  heads  flush 


Bottom  {Oak). 

The  bottom  planks  are  to  be  3^'°  thick,  not  over 
15  p"  ""*■  of  which  are  to  be  in  lengths  less  than  ^% 
all  lengths  differing  by  6'^  or  the  distance  between 
batting  floors,  with  all  butts  well  shifted.  The  rake 
planks  are  to  be  slit  to  light  water  to  widths  of  not  over 
6'°,  and  all  seams  are  to  be  outgauged  i'"  strong. 

The  bottom  is  to  be  fastened  with  S^x-iV'"  c<it  boat 
spikes,  driven  two  to  each  floor  and  three  to  each  bntt  in 
plank  less  than  14'°  wide,  and  three  to  each  floor  and 
foDT  to  each  bntt  In  widths  greater  than  14'". 

Dbok  {Dry  Pine). 

The  decking  is  to  be  dry  white  or  yellow  pine,  2'°  thick, 
in  widths  not  greater  than  6'°  ^nd  in  lengths  not  less 
than  24'*  except  to  till  oat  a  strake.  All  bntts  are  to  be 
well  shifted,  and  all  seams  are  to  be  oatganged  i'".  The 
deck  is  to  be  fastened  with  30d.  cat  nails,  two  to  each 
beam  and  three  to  each  butt  in  each  plank. 

Deck  Sheathing  of  1'"  pine  boards  is  to  be  laid  athwart- 
ships,  from  planksheer  to  planksheer,  over  a  coat  of  pine 
tar,  and  tacked  down  with  2i"'  cut  nails. 
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Hatches,  four  in  nnmber,  are  to  be  provided,  one  on 
each  side  over  each  croBS-balkhead,  one  beam  space  long 
each  side  of  the  bnlkhead  and  30'"  wide,  with  a  combing 
Ij'"  above  sheathing. 

The  deck  and  cross-bnlkheads  are  to  be  calked  with 
two  threade  of  cotton,  well  tucked,  ao  as  to  fill  the  seams, 
and  made  hard  ;  the  bottom,  rakes  and  gunwales  are  to 
be  calked  with  one  thread  of  cotton  and  two  of  best  navy 
oakum,  well  tucked,  so  as  to  fill  the  seams,  and  made 
hard.  All  calked  seams  are  to  be  payed  with  white 
lead. 

Pomps. 

The  barge  is  to  be  provided  with  four  box  pumps  not 
less  than  34'"  square,  placed  one  back  of  each  hatch 
in  suitable  wells,  and  provided  with  valves,  rods  and 
brakes  or  springpoles. 

Limhers,  i"'x3'°,  are  to  be  cut  under  each  floor,  6'°  from 
each  grub  strake. 
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SPECIFICATIONS  NO.l  B. 


This  barge  is  not  to  differ  from  the  one  already  speci- 
fied, except  in  the  changes  neceesitated  through  cross- 
planking  the  bottom  with  3'°  pine  plank ;  viz : — 

Gunwales. 

The  bottom  Btrake  or  lower  gunwale  is  to  be  of  oak, 
r-xT",  in  three  lengths  of  16"  9'°,  45"  3'°  and  33''4'»,with 
hook  scarfa  6"  long,  2 J'"  nibs  and  li'"  hook. 

The  second  gunwale  or  girder  strake  is  to  be  of  white 
or  yellow  pine,  10'°x6"',  in  two  lengths  of  47"  6'"  each. 

The  third,  fourth  and  fifth  gunwales  or  web  strakes  are 
to  be  of  white  or  yellow  pine,  4j'°xl0''',  in  the  following 
lengths :— 1st,  29"  10'",  45"  and  29"  10'";  2nd,  40"  8'°, 
44"  11'"  and  22";  and  3rd,  23"  1'",  45"  and  42"  10'"  — all 
scarfs  to  be  same  as  lower  gunwale,  and  all  seams  to  be 
ontganged  i'"  on  a  depth  of  2'°. 

The  top  or  beam  strake  is  to  be  6'"xlO'",  the  sheer  pieces, 
6'"  thick,  and  the  planksheer,  4'"x9'",  all  of  oak  and  as 
already  specified. 

Bri^t  Bolts  are  to  be  of  i'°  round  iron,  driven  as  fol- 
lows : — From  below  and  two  feet  apart  in  lengths  alter- 
Bating  24'"  and  36'"  ;  from  top  edge  of  web  or  5th  strake, 
4"  apart,  in  lengths  of  28'",  and  from  top  of  gunwale  or 
beam  strake,  2"  apart,  in  lengths  of  28'°— all  as  shown 
in  sheer  plan. 

Top-timbers  of  oak,  6'"x8'",  flat  to  gunwale,  extending 
from  planksheer  to  bottom,  are  to  be  spaced  6"  apart 
amidships ;  they  are  to  be  jogged  3'"  over  top  of  girders 
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or  cTOSS-flooTB  and  well  spiked  thereto ;  they  are  to  be 
bolted  to  gnnwale  with  two  I'"  round  bolts,  rireted  to  each 
strake ;  the  Umbers  at  the  foot  of  the  rakea  are  to  carry 
the  crosa-bnlkheada,  and  each  intermediate  is  to  be 
braced  with  a  4'''x6'''  oak  or  yellow  pine  brace,  heeled  on 
the  girder  at  the  main  bulkhead  and  secured  with  two 
8"'x|'"  apikes,  and  bolted  to  the  top-timber  with  one 
i'"  round  bolt  15  ''^  long,  all  as  shown. 

OunwaZe  timbers  map  be  varied  in  length,  provided 
always  that  the  number  of  splices  is  not  increased  and 
they  are  equally  well  shifted.  The  widths  of  the  8rd, 
4th  and  5th  strakes  may  be  varied,  provided  the  depth 
of  ganwale  ie  not  changed. 

Maik  Bulkhead. 

The  kelson  is  to  be  of  oak,  6"'x7"'  on  edge,  in  three 
lengths ;  it  is  to  be  bent  up/each  rake  in  two  pieces,  the  up- 
per one  3'"  thick  and  scarfed  out  to  an  1J'°  nib,  6'*  back  of 
cross-bulkhead.  The  balance  uf  the  bulkhead  is  to  be  of 
white  or  yellow  pine  or  yellow  poplar,  41'"  thick,  in 
widths  of  10'°,  9'"  and  three  8'",  topped  with  a6"'s5'°  oak 
stiinger,  jogged  i'"  on  beams  as  already  specified.  All 
splices  are  to  be  plain  scarfs,  4"  long,  with  IJ'"  nibs,  and 
well  shifted,  and  no  timber  less  than  30"  long  is  to  be 
used  except  to  complete  a  strake. 

I>rift  Bolts  are  to  be  of  t'°  round  iron,  driven  as  fol- 
lows : — ^From  below,  3"  apart,  in  lengths  of  25'"  ;  fi*om 
top  of  3rd  and  4th  strake  above  kelson,  S"  apart,  in 
lengths  of  20'",  and  down  through  beams  in  lengths  of 
a5'". 

Top-timhers  of  oak, 4'"x8"',  jogged  3'"  over  girders,  are 
to  be  placed  over  the  spring  of  each  rake  on  each  side  of 
the  main  bulkhead  and  opposite  the  gunwale  top-tim- 
bers to  carry  the  cross-bulkheads ;  they  are  to  be  bolted 
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thxoDgh  and  spiked,  the  same  as  the  gunwale  top-tim- 
bers. 

Stebambes  OB  Floob  Stbingees  {Oak). 

The  atreamera  or  floor  atringere  are  to  he  S'"!?""  on 
edge,  2**  centres,  five  on  each  side  of  main  bulkhead,  and 
of  pieces  not  less  than  SO**  long ;  the  splices  are  to  be  6" 
plain  scarfs,  IJ'"  nibs,  bolted  with  three  J"  round  bolts 
driven  from  below  through  bottom  and  riveted,  and  all 
splices  are  to  be  well  shifted  with  those  of  a^acent 
streamers.  The  streamers  are  to  be  slit  and  bent  up 
rake  or  carried  up  in  two  pieces,  the  same  as  the  kelson. 

Limbers,  i'°x8"',  are  to  be  cut  under  each  streamer  at 
each  girder  or  cross-floor. 

GiEDBRs  on  Crobs-Floobs  ( White  or  TeUow  Bine). 

The  girders  are  to  be  5'"xlO'°  on  edge,  four  over  each 
rake,  one  at  each  springing  line  and  eight  amidships  or 
eighteen  in  all ;  those  over  the  rake  are  to  be  at  right 
angles  thereto,  jogged  2'"  down  and  3'"  on  at  ends  to  fit 
mortise  In  filling  piece  and  gunwales;  those  over  the 
apringing  lines  and  amidships  are  to  be  eight  feet  apart, 
jogged  4'°  down  and  3'°  on  at  ends  to  fit  boxes  in  3d  gun- 
wale or  girder  strake.  Each  g^der  is  to  be  aecnred  at 
each  end  by  one  f '"  round  drift  bolt,  driven  inclined  from 
below  through  gunwale  and  girder  and  riveted,  and  at 
middle  by  a  simUar  bolt,  driven  vertically  through  kel- 
son ;  it  is  also  to  be  secured  to  each  streamer  by  one  i'" 
round  bolt  driven  fro.m  below  and  riveted. 

The  girders  at  foot  of  rakes  and  amidahipa  are  to  be 
farther  secured  by  means  of  the  top-timbera,  as  before 
described. 

Stanchions. 

Stanchions  amidships  are  to  be  4'"x4'",  of  white  or  yel- 
low pine,  4"  apart  fore  and  aft  on  each  stringer  line,  and 
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alternating  la  position  on  the  2d  and  4th  line  of  stream* 
era ;  they  are  to  be  halved  to  deck  stringera,  adjacent  to 
the  beams,  and  to  the  streamers  and  spiked  thereto.  Over 
the  rakes  they  are  to  be  placed  two  on  each  girder  on 
each  side  of  main  bulkhead. 

Stanchions  of  oak  or  yellow  pine,  2''x6'",  over  each 
streamer  and  opposite  the  gunwale  and  main  bolkhead 
top-timbera,  are  to  be  fitted  and  spiked  to  girder  and 
beams,  at  the  foot  of  each  rake,  to  carry  the  cross-balk- 
heads. 

Ohocks  of  pine  are  to  be  fitted  in  and  secored  beneath 
the  bolkhead  girdera  and  between  the  streamers,  and  the 
cross-bulkheadt  completed  as  already  specified. 

Hbao-Pieobs  {Oak). 

Each  head-piece  is  to  be  worked  oat  of  apiece  10"'£37''' 
— 26".  It  is  to  be  rabbeted  3"'x3'"  to  receive  deck  and 
jogged  across  ends  for  planksheer.  The  kelson  and 
streamera  are  to  be  gained  in  across  lower  edge  to  a  depth 
of  4'°,  well  secured  and  covered  with  the  bottom  plank. 
The  ends  of  deck  stringers  are  to  be  boxed  in  to  a  depth 
of  4'°  and  well  secnred.  Eaoh  end  of  the  head-piece  is 
to  be  mortised  to  receive  two  S'"  gunwale  tenons  and  the 
corners  bolted  each  side  with  two  f "  roond  drift  bolts, 
20'"  long. 

The  Nozing,  Vomer  Straps  and  Knees  are  to  be  eab- 
stantially  as  already  specified. 

Bottom  {White  or  Yellow  Pine). 

The  bottom  planks  are  to  be  laid  athwartships,  8'"  thick 
and  full  length  of  26",  with>aU  seams  outgauged  i*".  The 
rake  planks  above  light  water  are  to  be  of  dry  lumber 
not  over  6'°  wide. 

The  bottom  is  to  be  fastened  with  e'"!!^'"  cut  boat 
spike,  not  less  than  two  to  each  streamer  and  three  to 
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each  batt,  in  plank  of  14;"  or  leea  width,  and  three  to 
each  streamer  and  fooi  to  each  hntt  for  greater  widths. 


Except  in  the  particalars  above  specified  and  necessi- 
tated through  cross-planking  the  bottom,  the  first  speci- 
fication  ( No.  1  A  )i8  to  be  followed. 
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SPECIFICATIONS 


BRUSH  AND  STONE  BARGE. 


SPECIFICATIONS  No.  2  A. 


This  ia  to  be  a  decked  gunwale  barge,  64"  long,  16" 
beam  and  3"  4'"  deep  at  gunwale,  with  a  crown  of  2^'" ; 
the  rake  at  each  end  is  to  be  curved  and  8*^  long  from 
face  of  head-piece,  and  the  sheer  is  to  be  9'°  ;  there  is  to 
be  a  longitudinal  balkhead  along  the  centre  line,  and  a 
crosB-bulkhead  at  the  foot  of  each  rake ;  the  bottom  and 
deck  are  co  be  planked  fore  and  aft,  and  the  deck  ia  to 
be  sheathed  with  pine  boards  laid  athwartships. 

The  lumber  is  to  be  oak,  white  pine,  sonthern  yellow 
pine  and  jellow  poplar,  as  may  be  specified,  all  of 
which  must  be  sound,  without  loose  or  rotten  knots, 
square  edged  and  fall  cornered,  and  the  yellow  pine  es- 
pecially free  of  sap. 

The  barge  is  to  be  built  as  set  forth  in  these  specifica- 
tions, and  as  shown  in  the  accompanying  drawings.  All 
material  must  be  of  good  qnality,  and  the  work  must  be 
done  in  a  thorough  and  workmanlike  manner,  and  to 
the  satisfaction  of  the  Superintendent. 
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GrNWALES. 

Each  gunwale  is  to  be  S'*  4'"  deep  over  all  and  made 
up  as  follows : 

One  Qnih  Stra&e  of  oak,  3'"xl2'",  laid  flat  and  bent  up 
the  rake  as  shown  in  the  drawing,  in  three  lengths  with 
plain  scraps,  3'"  nibs,  extending  over  fonr  floors. 

One  Floor  Stroke  of  oak,  S"^'",  in  two  equal  lengths 
of  81"  2'",  with  6"  hook  scarfs,  Si'"  nibs  and  l^"  hook. 

Two  Web  Strokes,  of  white  or  yellow  pine  or  oak,  each 
8"'x4"',  in  lengths  as  follows :  let,  15"  9'°,  40"  and  15" 
9'"  ;  2nd,  25"  10'",  21"  and  26"  8'"— scarfs  the  same  as  in 
floor  strake. 

One  Beom  Stroke  of  oak,  B"  x9'",  with  a  length  of  45" 
amidships,  and  15"  6'"  at  each  end  ;  the  end  timbers  to 
be  each  18'"  wide  at  head  piece  and.  curved  to  sheer  line, 
thus  constituting  the  sTieer  or  rising  piece — scarfs  as  in 
floor  strake. 

One  Ploiiksheer  of  oak,  3'°s9''',  with  joints  well  broke 
over  beam  strake,  with  plain  scarfs,  2^'°  nibs,  extending 
over  four  beams,  and  bolted  horizontally  with  three 
''^  round  drift  bolts,  riveted,  IJ'"  from  lower  edge. 

Oak  Table  Blocks,  six  inches  fore  and  aft  of  nibs  of 
each  plankaheer  and  top  gunwale  scarf,  end  on,  1'°  thick 
and  8'"  long,  are  to  be  jogged  i'"  in  gunwale  and  plank- 
sheer. 

Two  Filling  Pieces  of  oak,  one  on  each  rake  extending 
&om  beam  strake  to  floor  strake,  4j-"  long,  1'"  thick  and 
10'°  wide  at  middle  and  curved  to  rake,  are  to  be  well 
nailed  to  gunwale. 

All  Ounwdle  Seojos  are  to  be  outgauged  J '"  on  a 
depth  of  3'". 

Drift  Bolts  are  to  be  of  I'"  round  iron,  driven  as  fol- 
lows :    From  below,  three  feet  apart,  in  lengths  of  19'", 
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and  from  top  ganwale  or  beam  strake,  two  feet  apart,  in 
lengths  of  SO""  — all  as  shown  in  tiie  sheer  plan. 

Top-timh&rg  of  oak,  5'"x6'",  extending  from  grab  strake 
to  planksheer  and  halved  2'"  on  floor  and  ^"'  on  beam, 
are  to  be  spaced  6^*  apart  amidships  or  over  each  butting 
flooT'timber.  The  extreme  ones  are  to  carry  the  cross 
bulkheads  and  each  intermediate  is  to  be  braced  to  kel- 
son with  a  4"'x5"'  oak  or  yellow  pine  brace,  bolted  to  top- 
timber  with  one  ^'°  round  bolt  15'°  long  and  spiked  to 
floor  with  two  8'"x|'"  spikes ;  each  top-timber  is  to  be 
fastened  to  ganwale  with  two  |'°  round  bolts,  riveted,  to 
each  strake  and  well  spiked  to  beam  and  floor. 

Ovm,tDale  timbers  maybe  varied  in  length,  provided  al- 
ways that  the  number  of  splices  is  not  increased  and 
they  are  equally  well  shifted. 

Main  Bulkhsas. 

The  main  bulkhead  runs  fore  and  aft  from  head -piece 
to  head-piece,  and  is  to  be  made  up  as  follows  :— An  oak 
kelson^  S'^xB'",  jogged  }"*  on  floor  timbers,  slit  to  spring- 
ing line,  2'"  from  top  edge,  and  bent  up  rake ;  three 
strakes,  4'"x6"',  of  white  or  yellow  pine  or  yellow  poplar, 
and  a  top  strake  or  string  piece  of  oak,  5"'x5"',  jogged 
4'"  on  beams  and  spiked  to  kelson  at  head-piece. 

All  splices  are  to  be  plain  scarfs,  4"  long  with  li'"  nibs, 
and  well  shifted.  No  timber  less  than  34"  long  is  to  be- 
used  except  to  complete  a  strake. 

Drift  Bolts  are  to  be  I'"  round  iron,driven  as  follows: — 
At  each  butting  floor  and  alternate,  17'"  long,  from  below 
through  keel  plank,  floor  and  kelson  into  bulkhead; 
down  through  each  beam,  SI'"  long ;  and  from  top  of  web, 
3"  apart  and  21'"  long.  The  kelaon  is  to  be  spiked  to 
each  floor  adjacent  to  butting  floors  with  one  S'^xf'" 
spike. 

Top-tiT/ibers  of  oak,  5'"x3'",  are  to  be  placed  over  the 
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foot  of  each  rake,  on  each  side  of  the  bulkhead  and  op- 
posite the  gnnwale  top-timbers,  to  carry  the  cross-bnlk- 
heads ;  they  are  to  be  fitted,  Bpiked  and  bolted  through, 
the  same  as  the  gunwale  top-timbers. 
.  Chocks  or  filling  pieces,  4'"  thick,  of  white  or  yellow 
pine,  are  to  be  fitted  in  beneath  the  kelson  and  between 
floors  and  well  fastened. 

Floob  Timbers  {Oak). 

The  floor  timbers  are  to  be  3'"x5'",  with  every  4th  or 
butting  floor  4'"x5'",  spaced  18'°  centres  between  cross- 
bulkheads  and  16'"  centres  up  rakes  ;  they  are  to  be  jog- 
ged J'"  down  ongmbstrakeand  boxed  into  gunwale  floor 
strake,  full  thickness,  21'°  on  and  4J'"  up  ;  they  are  to 
be  fastened  at  each  end  with  a  S'"  round  drift  bolt,  16'° 
long,  driven  inclined  from  below  through  grub  strake  aa 
shown,  and  a  T'^XiV"  spike  at  edge  of  grub  strake. 

The  grub  strake  is  to  be  spiked  to  lower  gunwale  or 
floor  strake  with  one  7'"Xt'V'"  spike,  opposite  the  end  of 
each  floor,  and  one  in  each  apace  between  floora. 

The  floors  are  to  be  fastened  to  kelson  and  main  bulk- 
head as  specified  under  the  head  of  Main  Bulkhead. 

Beams  {Oak). 

The  beams  are  to  be  5"'x3'",  spaced  2"  centres  ;  they 
•are  to  be  boxed  into  upper  gunwale  or  beam  strake  full 
size  and  2^'"  on ;  they  are  to  be  fastened  at  each  end 
with  a  J'"  round  drift  bolt,  16'"  long,  driven  inclined 
through  planksheer  as  shown,  and  a  7'"Xj^"'  spike  at 
edge  of  planksheer. 

The  planksheer  is  to  be  spiked  to  top  gunwale  or  beam 
strake  with  one  7"'XjV '"  spike,  opposite  the  end  of  each 
beam,  and  one  in  each  space  between  beams. 

The  beams  are  to  be  crowned  25'"  at  centre  and  secured 
to  main  bulkhead  as   specified  under  head  of  Jifain 
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Stbinosbs  ( Oak). 

There  ia  to  be  one  binding  strake,  4'-'x6'"  on  edge,  over 
floors  on  each  side  of  main  bnlkhead,  to  be  slit  2'"  from 
top  edge,  and  bent  up  rake  and  boxed  into  head-piece 
as  shown ;  it  is  to  be  in  not  over  three  lengths  with  plain 
scarfs  over  three  floors,  and  is  to  be  fastened  to  each  floor 
with  a  1'°  round  bolt  driven  from  below  and  riveted. 

There  is  to  be  a  deck  stringer  over  each  binding 
strake,  3'"x4"'  on  edge,  in  not  over  three  lengths,  with 
plain  scarfs  over  three  beams,  spiked  to  each  beam 
with  one  S'"!!'"  spike  and  spiked  to  binding  strake  at 
head-piece  with  two  spikes. 

Stanchions  {Pine  or  Yellow  Poplar). 
The  stanchions  are  to  be  4"'x4'",  2*^  apart  or  adjacent  to 
beams,  and  halved  to  binding  strake  and  deck  stringer, 
and  spiked  thereto. 

CRosa-BuLKHEADS  ( Dry  Pine ). 

A  cross-bnlkbead  is  to  be  placed  at  the  foot  of  each 
rake,  extending  from  floor  timber  to  beam,  and  support- 
ed hy  the  gunwale  and  main  bnlkhead  top-timbers  and 
by  three  oak  or  yellow  pine  stanchions  on  each  side  of 
main  bulkhead,  4"'x4'°,  fitted  to  floors  and  beam  and 
well  spiked. 

The  bulkhead  is  to  be  of  2'"  by  not  over  6'"  plank, 
with  seams  outgauged  J'"  for  calking,  fastened  with  20^ 
cut  nails,  two  to  each  stanchion  and  three  to  each  butt 
in  each  plank. 

Hbad-Piboe,  Etc. 

The  head-piece  is  to  be  of  oak,  worked  oat  iVoiu  a 
piece  8"'x20^'" — 16*^.  It  is  to  be  crowned  SJ'"  at  middle  and 
beveled  top  and  bottom,  fair  with  deck  and  rake.  It  is 
to  be  rabbeted  S'^xS'"  to  receive  deck  and  jogged  across 
ends  5'"  wide  to  receive  planksbeer,  and  rabbeted  5'"  on, 
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measured  along  1)011010  of  rabbet,  and  24'"  np  to  receive 
bottom,  and  jogged  across  ends  5'"  wide  and  8"'np  to  re- 
ceive grab  Btrake.  The  binding  atrakes  and  kelson  are 
to  be  boxed  in  to  square  ends  and,  together  with  grub 
strake  and  planksUeer,  securely  fastened.  The  enda  are 
to  be  mortised  to  receive  the  gunwale  iis  shown,  and  the 
comers  on  each  side  bolted  with  two  |'"  round  bolts  18'° 
long. 

Knees  or  comer  pieces  of  oak,  8'"  thick  and  14'"  on 
angles,  are  to  be  fitted  in  each  corner  flush  with  bottom 
of  deck. 

Comer  Straps  of  iron,  4'°xJ'".  2"  long  on  head-piece 
and  30'''on  gunwale,  are  to  be  Icit  in  flush,  one  on  each 
comer.  These  are  to  have  1'"  hooks  and  are  to  be  se- 
cured with  one  J'"  round  screw  bolt  at  each  end  and  drift 
bolted  on  front  with  three  |'°  round  bolts,  one  14'°  long 
and  two  16'°,  and  three  aide  bolts,  12"  long — all  well 
shifted  vertically  and  all  heads  flush  with  strap. 

A  Nozing  of  oak,  S'^xlT*"— 16"  is  to  be  fitted  fair  to  face 
of  head-piece,  corners  rounded,  and  spiked  on  with  6'° 
spike. 

^         Tixbeb-Heads  (  Oak). 

The  timber-heads  are  to  be  eight  in  number,  placed  in 
pairs,  11'°  apart,  with  centre  of  pair  4*^  4'°  from  face  of 
head-piece ;  they  are  to  be  6'°xlO'°,  extending  from  rake 
to  12'°  above  deck,  and  are  to  be  let  into  planksheer  4" 
and  the  gunwale  filled  out  with  an  inch  plank  to  give  a 
full  bearing ;  they  are  to  be  festened  to  gunwale  with 
three  |'°  square  screw  bolts  on  flat  washers,  heads  flush 
outside. 

Bottom  {Oak). 

The  bottom  planks  are  to  be  2^'"  thick,  not  over  20  per 
cent  of  which  are  to  be  in  lengths  less  than  24**,  all  lengths 
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differing  by  six  feet  or  the  distance  between  batting 
floors,  with  all  butta  well  ahifted.  The  rake  plank  are 
to  be  slit  to  light  water  to  widths  of  not  over  6'°,  and 
all  seams  are  to  be  outganged  J'°  stroi^. 

The  bottom  is  to  be  fastened  with  S'"!-^'"  cat  boat 
spikes,  driven  two  to  each  floor  and  three  to  each  bntt 
in  plank  less  than  14'°  wide,  and  three  to  each  floor  and 
fonr  to  each  batt  in  widths  greater  than  14*°. 

Deck  (  J>ry  Pine ). 

The  decking  is  to  be  dry  white  or  yellow  pine,  2'" 
thick,  in  widths  not  greater  than  6^°,  and  in  lengths  not 
less  than  SS'',  except  to  fill  out  a  strake.  All  bntts  are 
to  be  well  shifted  and  all  seams  are  to  be  ontgaaged 
i'".  The  deck  is  to  be  fastened  with  20''  cut  nails,  two 
to  each  beam  and  three  to  each  butt  in  each  plank. 

Deck  STieathing  of  1'°  pine  boards  is  to  be  laid 
athwartships,  from  planksheer  to  planksheer,  over  a 
coat  of  pine  tar  and  tacked  down  with  3^'"  cut  nails. 

Hatches,  four  in  number,  are  to  be  provided,  one  on 
each  side  over  each  cross-bulkhead,  one  beam  space 
long  each  side  of  the  bulkhead  and  30'"  wide,  with  a  comb- 
ing li'°  above  sheathing. 

Oalkimg. 

The  deck  and  cross-bnlkbeads  are  to  be  calked  with 
two  threads  of  cotton,  well  tacked,  so  as  to  fill  the  seams* 
and  made  hard;  the  bottom,  rakes  and  gunwales  are 
to  be  calked  with  one  thread  of  cotton  and  two  of  best 
navy  oakam,  well  tacked,  so  as  to  till  the  seams,  and 
made  hard.  All  calked  seams  are  to  be  payed  with 
white  lead. 

Pumps. 

The  barge  is  to  be  provided  with  four  box  pamps  not 
less  than  3|'°  aqaare,  placed  one  back  of  each  hatch  in 
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snitable   wells   and    provided   with  valres,  rods  and 
brakes  or  spring-poles. 

Linibers,  i"'x3"',  are  to  be  cat  onder  each  floor,  6'"  from 
each  grab  strake. 
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SPECIFICATIONS  No.  2  B. 


This  barge  ia  not  to  differ  &om  the  one  already  speci- 
fied, except  in  the  changes  necessitated  tbrongh  cross- 
planking  the  'bottom  with  3'"  pine  plank ;  viz. : 
Gunwales. 

The  bottom  etrake  or  lower  gunwale  is  to  be  of  oak 
6'"x6'",  in  two  eqnal  lengths  of  30"  5'",  with  hook  scarfs, 
6"  long,  2J'"  nibs  and  IJ^'"  hook. 

The  second  gunwale  or  girder  strake  is  to  be  of  white 
or  yellow  pine,  5"'x9'",  in  lengths  as  follows ;  15"  S'", 
40"  and  15"  5'". 

The  third  sttake  is  to  be  of  white  or  yellow  pine, 
4"'xl0'",  in  lengths  as  follows :   25"  10'",  21"  and  26"  8'". 

All  scarfs  to  be  same  as  lower  gunwale,  and  all  seama 
outganged  1'"  on  2'°  . 

The  fourth  or  beam  strake,  S'^xQ'",  and  the  planksheer 
S'^xO'",  to  be  of  oak  and  as  already  specified. 

Drift  Bolts  are  to  be  of  4'°  roond  iron,  driven  as 
follows :  From  below,  three  feet  apart,  in  lengths  of  24'"', 
and  from  top  of  beam  strake,  two  feet  apart,  in  Iftngtha 
of  24'°. 

Top-titnhers  of  oak,  5'"x6'",  flat  to  gunwale,  are  to  be 
spaced  8"  apart  amidships  and  jogged  2'"  over  top  of 
girders  or  cross-floors  and  well  spiked  thereto;  they  are 
to  be  bolted  to  gunwale  with  two  |'°  round  bolts,  riveted, 
to  each  stake. 

Ounwale  timbeTS  may  be  varied  in  length,  provided 
always  that  the  number  of  splices  ia  not  increased  and 
they  are  equally  well  shifted. 
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Main  Bulkhead. 

The  kelson  is  to  be  of  oak,  ^''^ce'"  on  edge,  in  two 
lengths,  slit  to  springing  line  and  bent  np  rake  ;  the  bal- 
ance of  bulkhead  is  to  be  of  white  or  yellow  pine  or  yel- 
low poplar,  4'"  thick,  in  widths  of  8'°,  7'"  and  6'",  topped 
with  a  6"'x5'"  oak  stringer,  jogged  J'"  on  beams  aa  al- 
ready specified.  All  splices  are  to  be  plain  scarfs.  4"  long 
with  Ij"  nibs,  and  well  shifted,  and  no  timber  leas  than 
24"  long  is  10  be  used  except  to  complete  a  strake. 

Drift  Bolts  are  to  be  of  |"  ronnd  iron  driven  as  fol- 
lows :  From  below,  3"  apart,  in  lengths  of  18'" ;  from  top 
of  3*  strake  above  kelson,  3" apart,  in  lengths  of  18'",  and 
down  through  each  beam  in  lengths  of  21'". 

Top-timbers  of  oak,  3'"x6'",  are  to  be  placed  at  the  foot 
of  each  rake  on  each  side  of  the  main  bulkhead  and  op- 
posite the  ganwale  top-timbers  to  carry  ihe  cross-bulk- 
head ;  they  are  to  be  bolted  through  and  spiked  the 
same  as  the  gunwale  top-timbers. 

Streamers  or  Floor  Stbinoees  {Oak). 

The  streamera  are  to  be  S'"x6"'  on  edge,  2"  centers, 
three  on  each  side  of  main  bulkhead,  and  of  pieces  not 
less  than  24"  long ;  the  splices  are  to  be  6"  plain  scarfs, 
IJ""  nibs,  bolted  with  three  i'"  round  bolts  driven  from 
below  through  bottom  and  riveted;  and  all  splices  are 
to  be  well  shifted  with  those  of  adjacent  streamers  The 
streamers  are  to  be  slit  and  bent  up  rake  the  same  as 
the  kelson.  Limbers,  5'°x3'",  are  to  be  cut  under  each 
streamer  at  each  girder  or  cross-floor. 

Girders  or  Cros9-Floobs  {White  or  YeUoio  Pine). 

The  girders  are  to  be  4"'x8"'  on  edge,  three  over  each 
rake  at  right  angles  thereto,  one  at  each  springing  line 
and  five  amidships,  8"  apart,  or  thirteen  in  all ;  they  are 
to  be  jogged  at  ends,  3'"  down  and  2i'"  on  to  fit  boxes  in 
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gunwale.  Elach  girder  is  to  be  eecared  at  each  end  by 
ooe  1'°  round  drift  bolt  driven  inclined  from  below 
through  gunwale  and  riveted,  and  at  the  middle  hy  a 
similar  bolt  driven  vertically  through  kelson  ;  it  is  also 
to  be  secured  to  each  streamer  by  one  4'"  round  bolt 
driven  from  below  and  riveted. 

The  girders  at  foot  of  rakes  and  amidships  are  to  be 
further  secured  by  means  of  the  top-timbers,  as  before 
described. 

Stanchions. 

Stanchions  amidships  are  to  be  4'"x4"',  of  white  or 
yellow  pine,  4**  apart  in  one  row  on  each  side  of  main 
bulkhead;  they  are  to  be  halved  and  spiked  to  deck 
stringer  at  top,  and  to  girders  and  middle  streamer  be- 
tween girders  at  foot.  Over  the  rakes  they  are  to  be 
placed  one  over  each  girder  or  cross-floor. 

Stanchions  of  oak  or  yellow  pine,  3"'x6"',  over  each 
streamer  and  opposite  the  gunwale  and  main  bulkhead 
top-timbers,  are  to  be  fitted  and  spiked  to  girder  and 
beam,  at  foot  of  each  rake,  to  carry  the  cross-bulkheada. 

Chocks  of  pine  will  be  fitted  in  and  secured  beneath 
the  bulkhead  girders  and  between  the  streamers,  and  the 
cross-bulkheads  completed  as  already  specified. 

Head-Pieces  {Oak). 
Each  head-piece  is  to  be  worked  out  from  a  piece 
8'"x20'" — 16".  It  is  to  be  rabbeted,  3'"s3''',  to  receive  deck 
and  jogsed  across  ends  for  planksheer.  The  kelson  and 
streamers  are  to  be  gained  in  across  lower  edge  to  a 
depth  of  3'",  well  secured  and  covered  with  the  bottom 
plank.  The  ends  of  the  deck  stringers  are  to  be  boxed  into 
a  depth  of  3'"  and  well  secured.  Each  end  of  the  head- 
piece is  to  be  mortised  to  receive  the  gunwale  as  showuj 
and  the  corners  each  side  bolted  with  two  f"  round 
bolts,  18'"  long. 
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The  Nozing,  Comer  Straps  and  Kiiees  are  to-be  anb- 
stantiiUly  as  already  specified. 

Bottom  (  White  or  Yellow  Ii.7ie). 

The  bottom  planks  are  to  be  laid  athwartehips,  3'°  thick 
and  fall  length  of  16",  with  all  seams  outgaoged  1'". 
The  rake  planks  above  light  water  are  to  be  of  dry  lum- 
ber not  over  6'"  wide. 

The  bottom  is  to  be  fastened  with  6"'Xt*t"'  cat  boat 
spike,  not  less  than  two  to  each  streamer  and  three  to 
each  batt  in  plank  of  14'°  or  less  width,  and  three  to 
each  streamer  and  four  to  each  butt  for  greater  widths. 


Except  in  the  particulars  above  specified  and  necessi- 
tated through  cross-planking  the  bottom,  the  first  speci- 
fication {Ifo.  ^  A )  is  to  be  followed. 
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